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ABSTRACT 
One of the most striking features of the US Cornbelt is the degree to which it has 
been designed, constructed, and intricately managed by humans for the production of 
agricultural products – primarily row-crop corn and soybeans. The production of 
provisioning ecosystem services, such as row-crop corn and soybeans, often comes at a 
tradeoff to other ecosystem services, such as enhanced water quality for aquatic life, 
recreation, and human consumption. Best management practices (BMPs) are tools that 
landowners can implement and manage as a way to co-produce row-crop corn and 
soybeans and enhanced water quality in extensively managed agricultural landscapes. 
Yet, selecting how and where to locate BMPs to impact aggregate ecosystem service 
outcomes, such as enhanced water quality, is a complex decision-making process that 
often involves multiple stakeholders and objectives. This research evaluates opportunities 
to improve the efficiency of BMP placement and management within and among crop 
fields and within watersheds to co-produce provisioning and regulating ecosystem 
services (ES), specifically row-crop corn and soybeans and enhanced water quality, in the 
US Cornbelt. This dissertation includes three distinct studies across three, nested scales 
(sub-field, field, and watershed) to examine environmental, economic, and social 
opportunities and tradeoffs associated with the implementation and management of 
BMPs designed to reduce nitrate loss to surface waters in central Iowa.  
To assess nitrate-nitrogen (hereafter nitrate) retention in vegetative BMPs, the 
relationship between nitrate retention and plant species composition was examined in 
nine different monocultural and polycultural communities in a plot-based experiment. 
Results show a small, but significant difference between monocultural and polycultural 
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plant communities in their ability to retain nitrate. On average, polycultural communities 
retained 31.5% (95% CI – 1.0%, 53.2%) more nitrate than monocultural communities. 
This difference was driven largely by alfalfa, which was planted as a monoculture in this 
experiment; alfalfa retained 63.0% (95% CI – 32.9%, 80.0%) less nitrate than the 
polycultural communities. Among polycultural communities, which varied in species 
richness (2-14 species per community), no impact was found of plant diversity on nitrate 
retention.  
To understand farmers’ and farmland owners’ willingness to participate in new 
spatially targeted conservation planning frameworks designed to increase BMP efficacy, 
18 farmers and farmland owners whose fields were identified via a spatial targeting 
technique focusing on soil and nutrient loss were interviewed in two watersheds in 
central Iowa. Results suggest that farmers and farmland owners often recognized the 
importance of producing a diverse suite of on- and off-farm ecosystem services, but 
lacked the context, information, certainty, and incentives to manage for them. Farmers 
and farmland owners were receptive to using technologies to target BMPs to areas with 
known resource concerns, but expressed concerns about applications in their fields, and 
perceived challenges related to cost, management complexity, coordination with 
government programs, and loss of autonomy. For broad acceptance, a spatially targeted 
conservation approach would need to be paired with expanded partnerships, trusted 
technical service, and adaptation incentives to reduce farm-level economic tradeoffs. 
To evaluate the cost and effect on water quality from nitrate loss under spatially 
targeted alternative land management scenarios, an innovative spatially targeted 
conservation protocol, coupled with a GIS-based landscape planning tool, was developed, 
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applied, and evaluated in an Iowa watershed. We found large reductions in watershed-
level nitrate loss could be achieved through coordinated placement of BMPs on high-
contributing parcels with limited reduction of cultivated land, resulting in improved 
surface water quality at relatively low economic costs. For example, one landscape 
scenario with wetlands, cover crops, and saturated buffers removed less than 5% of 
cultivated area and reduced nitrate loss by an estimated 49%, exceeding the Iowa 
Nutrient Reduction Strategy goal for enhancing water quality. Annualized establishment 
and management costs of landscape scenarios that met the nonpoint source nitrogen 
reduction goal in the watershed varied from $3.16 to $3.19 million (2017 USD). These 
results highlight the potential to minimize land-use tradeoffs by coupling targeted 
conservation and planning tools to help stakeholders achieve aggregate surface water 
quality outcomes within agricultural landscapes. 
Taken cumulatively, this research suggests opportunities for improving the 
design, implementation, and management of BMPs to produce row-crop corn and 
soybeans while enhancing water quality in agricultural landscapes. Innovative and 
purposeful BMP design, stakeholder collaboration, and decision tools, programming, and 
incentives will be important components of conservation planning and water quality 
achievements.   
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CHAPTER 1. INTRODUCTION 
Introduction and Background 
Ecosystem services (ES) are direct and indirect benefits that society receives from 
natural and managed ecosystems (Costanza et al. 1997; Daily 1997; Millennium Ecosystem 
Assessment 2005). The concept of ES is not new or novel. These benefits have long been 
recognized as essential to humanity’s existence (Mooney & Ehrlich 1997). In 1864, George 
Perkins Marsh explored the concept of ES by linking human-driven environmental 
degradation to declining environmental benefits in his book Man and Nature (Mooney & 
Ehrlich 1997). ES emerged in academia in 1977 when Westman (1977) highlighted the 
importance of accounting for the benefits of nature’s services, and four years later ES was 
formally coined by Ehrlich & Ehrlich (1981).  
Despite strong historical roots, the concept of ES remained relatively absent in 
academic literature until the 1990s. Propelled by increasing concern about accelerating rates 
of biodiversity loss – and the anticipated impacts of such conditions on humanity – the fields 
of biodiversity and ecosystem functioning (BEF) and biodiversity and ecosystem services 
(BES) have rapidly expanded over the past 25 years. Investigation into the relationship 
between biodiversity and ecosystem functioning grew out of germinal research (e.g., Naeem 
et al. 1994; Tilman et al. 1996; Hector et al. 1999) and has been summarized by a series of 
key papers (e.g., Balvanera et al. 2006; Cardinale et al. 2006; Cardinale et al. 2011). Key 
ecosystem functions summarized by these papers include: (1) aboveground biomass, (2) 
belowground biomass, (3) nutrient assimilation (e.g., nitrogen), (4) decomposition, and (5) 
herbivory (Balvanera et al. 2006; Hooper et al. 2005; Cardinale et al. 2011). As examined in 
a meta-analysis by Cardinale et al. (2011), the majority of evidence thus far has demonstrated 
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a nonlinear and positive, but quickly saturating relationship between biodiversity and a given 
ecosystem function within a trophic level.   
Concurrent to the development the field of BEF, the field of BES began to expand. 
BES-focused research rose most prominently following the 2005 Millennium Ecosystem 
Assessment (MEA), which expanded upon prior definitions and classifications of ES (e.g., 
Daily 1997; Costanza et al. 1997), summarized trends related to BEF and BES, and codified 
four primary categories of ecosystems (MEA 2005). Supporting ES (e.g., nutrient cycling 
and soil formation) underlie provisioning ES (e.g., food, fuel, fiber production), regulating 
ES (e.g., enhanced water quality and climate regulation), and cultural ES (e.g., recreational 
opportunities, spiritual importance; MEA 2005).    
BEF and BES have important implications in the agricultural landscapes that now 
dominate the US Cornbelt because biodiversity, and subsequently ecosystem processes, 
functions, and services, have changed over the past 150 years. Historically, the US Cornbelt 
was composed of highly-diverse prairie, savannah, and deciduous forest communities. As the 
US Cornbelt has shifted to an increasingly homogeneous agricultural landscape largely 
devoid of the historical ecosystems and their highly diverse biological communities, the suite 
of production and associated magnitudes of ecosystem processes, functions, and services 
have shifted to an increase in provisioning ecosystem services (e.g., commodity production 
of corn, soybeans, hogs, etc.) at a tradeoff to supporting, regulating, and cultural ES (Foley et 
al. 2005; Power 2010). This socially constructed ecosystem, and its associated infrastructure, 
has been designed to maximize annual revenues of provisioning ES, while externalizing costs 
related to lost supporting, regulating, and cultural ES.  
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Changing land cover from native ecosystems dominated by perennial plant 
communities to annual corn and soybean row-crop agriculture has resulted in increasingly 
problematic environmental conditions and declining supporting, regulating, and cultural ES 
in the US Cornbelt. The production of corn and soybeans across nearly millions of hectares 
of Iowa has resulted in declining ES, including water quality. Drainage of agricultural fields 
is facilitated by extensive tile networks, which expedite subsurface water drainage from 
agricultural fields. Artificial subsurface drainage, while beneficial to crop germination and 
yields, also carries soluble nutrients, such as nitrate. Nitrate carried in tiles bypasses 
important biological processes (e.g., uptake by plants, denitrification) and is deposited in 
surface waters, resulting in declining water quality and leading to increasingly dangerous 
levels of nitrate in drinking water, eutrophication, and hypoxic zones (Bouwman et al. 2009). 
In response to federal mandates regarding declining water quality, Iowa-based 
scientists and policy-makers crafted the Iowa Nutrient Reduction Strategy (IA NRS), which 
set reductions of 41% and 29% in nonpoint source nitrogen and phosphorus pollution, 
respectively. The IA NRS recognizes that agricultural landscapes such as the US Cornbelt 
have the potential to be managed for ecosystem processes and functions that lead to a more 
diversified portfolio of supporting, regulating, and cultural services – without significant 
departures from current levels of provisioning ES production. By using an understanding of 
biophysical processes (e.g., soil porosity and density, cation exchange capacity, soil organic 
matter, etc.) related to land management (e.g., tillage, fertilizer application, cover crops, etc.) 
and how each of these processes lead to functionality (e.g., soil water storage, microbial 
habitat, nutrient availability, soil health and fertility, etc.), field- and landscape-level land 
management (e.g., riparian buffers, nutrient removal wetlands, prairie strips, etc.) can be 
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implemented to achieve desired ES benefits at aggregated scales (Zhang et al. 2007; Power 
2010).  
Prior research has demonstrated social demand for broader ES outcomes, interest 
among farmers in supplying ES, and the ability of data and models to provide guidance in 
targeting areas of the landscape best able to biophysically and cost-effectively produce 
various ES. A recent state-wide survey demonstrated that Iowans place higher value on water 
quality for drinking, aquatic life, and recreation than on crop production (Arbuckle et al. 
2015). Further, 63% of respondents indicated that they support directed policy for spatially-
targeted conservation, and would be willing to pay on average $33 per year for a policy 
change (Arbuckle et al. 2015). Importantly, farmers in the US Cornbelt are generally 
amenable to spatially-targeted conservation approaches to meet environmental quality goals 
(Arbuckle 2013; Kalcic et al. 2014). Recently, the development of methodologies, tools, and 
geospatial data required to successfully target parts of the landscape most suitable for placing 
best management practices (BMPs) have grown (Tomer et al. 2013; Tomer et al. 2015; 
Tomer et al. 2015a; Kalcic et al. 2015). Advancements in and availability of geospatial data 
(e.g., LiDAR data, 1-m resolution land cover data, etc.), GIS-based conservation planning 
models (e.g., Agricultural Conservation Planning Framework; Tomer 2015, Tomer et al. 
2015a), and hydrologic models (e.g., Agricultural Policy/Environmental eXtender; Gassman 
et al. 2010), are enabling increasingly rapid, accurate, and inexpensive spatially-targeted 
conservation planning that leads to conservation opportunity identification at basin (e.g., 
HUC 12) and farm scales (Tomer et al. 2013; Tomer et al. 2015). 
If the voluntary reductions called for in the IA NRS and the demand for a broader 
suite of ES outcomes are to be met, a spatially-targeted conservation approach will be 
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required. Targeted conservation is a spatially-coordinated approach to implementing 
agricultural BMPs, such as cover crops, riparian buffers or nutrient removal wetlands, on 
specific fields within a watershed identified as being significant contributors to nutrient loads 
(Berry et al. 2005; Secchi et al. 2008; Wardropper et al. 2015). In research contexts and in 
the field, spatially-targeted conservation approaches have demonstrably reduced nonpoint 
source pollutants and improved ES delivery while minimizing land-use tradeoffs (Berry et al. 
2005, Walter et al. 2007, Secchi et al. 2008). Still, farmer participation is voluntary and as 
such incentivizing the necessary field and watershed level management coordination needed 
across farms may require a similarly coordinated policy approach (Wardropper et al. 2015).  
Such a coordinated policy approach and corresponding implementation of spatially-
targeted conservation could lend itself well to the development of market-based instruments 
to more efficiently financially incentivize the production of traditionally non-market ES, such 
as enhanced water quality. Unlike provisioning ES, many supporting, regulating, and cultural 
ES are non-rival, non-excludable, public goods that have not historically lent themselves to 
conventional economic markets (Fisher et al. 2009; Farley and Costanza 2010). Thus, 
reinforced by agricultural policy and market signals, landowners in the US Cornbelt have 
transformed the landscape to maximize the production of provisioning ES, while reducing 
other ES (Rodriguez et al. 2006; Nelson et al. 2009) as a mechanism to remain profitable. A 
market-based approach may provide appropriate markets for traditionally non-market ES, 
and may provide efficient and tangible monetary incentives for landowners to produce a 
more diverse suite of ES using an approach similar to familiar commodity markets. A 
spatially targeted conservation approach linked with a market-based arrangement represents a 
timely, new frontier for producing ES in the US Cornbelt. Unlike its passive voluntary and 
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regulatory alternatives, this new policy tool has the potential to financially incentivize 
farmers to produce a broader suite of ES comparable to that of commodity incentives. 
Dissertation Organization 
The central theme of this dissertation is to examine conservation practice efficiencies 
across sub-field, field, and watershed scales to assess ecological and economic opportunities 
for the co-production of provisioning ES and regulating ES, specifically water quality, in the 
US Cornbelt. This dissertation is composed of an introduction chapter and four chapters 
written for publication in scientific, peer-reviewed journals. Chapter 1 serves as a general 
introduction to the dissertation topic and provides information on the organization of this 
dissertation. Chapter 2 details a field-based experiment designed to evaluate plant species 
communities’ ability to remove and retain nitrate to inform plant selection in edge-of-field 
practices (e.g., vegetative buffers). Chapter 3 applies a qualitative approach to identify and 
understand factors that could facilitate or constrain the application of spatially targeted 
conservation to co-produce provisioning ES and enhanced water quality in the US Cornbelt. 
Chapter 4 uses geospatial and economic data to develop, apply, and analyze a spatially-
targeted conservation protocol to create alternative land management scenarios to meet the 
IA NRS goals for nitrate reduction. Chapter 5 synthesizes insights from Chapters 3 and 4, 
explores the potential complementarity of a spatially targeted conservation approach and 
market-based instruments for implementation of the IA NRS, and provides recommendations 
for future research.  
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CHAPTER 2. THE IMPACT OF BUFFER COMPOSITION ON NITRATE-
NITRGOEN RETENTION FROM AGRICULTURAL RUNOFF 
Paper prepared for submission to Agriculture, Ecosystems and Environment 
Emily K Zimmerman, Charles Labuzzetta, Lisa A. Schulte, Jarad Niemi, Thomas M. 
Isenhart, and Randall K. Kolka  
Abstract  
Nitrogen is an important nutrient required for crop growth, but is often lost from 
agricultural fields as nitrate-nitrogen (hereafter, nitrate) that easily moves with water through 
the soil profile. As a result, nitrate is a significant pollutant of surface water in many 
agricultural regions, and farmers are looking for cost-effective mechanisms to retain it within 
the agricultural environment. To inform the design of agricultural buffer and filter strips, 
such as promoted through USDA conservation programs, we examined the relationship 
between nitrate retention and plant species composition for four monocultural and five 
polycultural communities. We found a small but significant difference among monocultures 
and polycultures in their ability to retain nitrate, with polycultures retaining 31% (95% 
credible interval = 1%, 53%) more nitrate than monocultures. This difference is largely due 
to alfalfa, which was planted as a monoculture in this experiment. The alfalfa treatment 
retained 63% (33%, 80%) less nitrate than the polycultural plantings, which were composed 
of perennial plants native to the region. A difference between unfertilized corn and the 
polyculture plantings occurred at 90% credibility, and only when end-of-season biomass was 
factored into the statistical model. Among polycultures, we did not detect an impact of plant 
diversity on nitrate retention. These results suggest that farmers have multiple options other 
than alfalfa for retaining nitrate in buffer and filter strip settings. The diversity of plant 
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species comprising buffer and filter strips may be important in meeting other agricultural 
conservation goals, such as erosion control, the retention of phosphorus, or pollinator habitat. 
Introduction 
Nitrogen loss from agriculture poses long-standing financial, environmental, and 
human health concerns. Applied as a fertilizer to support crop growth, nitrogen that does not 
make it into harvestable portions of plants comprises a financial loss to farmers (Muth 2014; 
Brandes et al. 2016). Nitrogen loss from agricultural lands from nonpoint source activities is 
a primary contributor to aquatic hypoxia, such as in the Gulf of Mexico and Chesapeake Bay 
(Rabalais et al. 2002; Alexander et al. 2008; Diaz and Rosenberg 2008). Nitrogen loss as 
nitrate also poses a human health hazard if it makes its way into drinking water (Comly 1945; 
Johnson and Kross 1990; Weyer et al. 2001; Ward 2009). Because treating water to meet 
drinking water standards (e.g., 10 mg L-1; USEPA 2017) and guidelines (e.g., 11 mg L-1; 
WHO 2016) and or finding alternative sources of drinking water has become increasingly 
costly for well owners (Tang et al. 2018), municipalities (Crawford 2016), and water districts 
(Hunter et al. 2009), more emphasis is being placed on retaining nitrogen within the 
agricultural environment (Mississippi River/Gulf Hypoxia Nutrient Task Force 2008; IDALS 
et al. 2013). Natural background concentrations of total nitrogen in surface waters ranges 
from less than 0.5 mg L-1 (Smith et al. 2003). 
Standard practices for nitrogen retention include in-field management practices such 
as precision fertilizer application (Zhang et al. 2015), the use of nitrogen inhibitors (Randall 
and Vetsch 2005), cover crops (Kaspar et al. 2012), and edge-of-field practices such as 
nutrient-removal wetlands (Jordan et al. 2003), bioreactors (Christianson et al. 2012), 
saturated buffers for fields with artificial drainage (Jaynes and Isenhart 2014, 2018), and 
vegetative buffer and filter strips for untiled fields (Osborne and Kovacic 1993; Lee et al. 
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1998). Vegetative buffers and filter strips have high potential to retain and remove nitrate, 
(IDALS et al. 2013). Selection of plant communities associated with vegetative buffers and 
filter strips may have important implications for the efficiency of nitrate removal because 
vegetation can differentially impact soil carbon levels and water infiltration, requirements for 
denitrification (Marquez et al. 1998; Bharati et al. 2002). 
The objective of this study was to inform the selection of vegetation to enhance 
nitrate retention by plant communities associated vegetative buffers and filter strips. We 
employed a designed experiment to assess nitrate retention among eight perennial plantings 
that differed in their species composition, and in comparison to annual corn (Zea mays L.; 
Table 1). We hypothesize that polycultures – and especially plant communities with higher 
species diversity composed of a mixture of forbs, cool-season grasses (C3 graminoids), and 
warm-season grasses (C4 graminoids) – would be more effective at retaining nitrate than 
monocultures. We expected that alfalfa (Medicago sativa L.), even though it is a perennial, 
would be the least effective at retaining nitrate because it is a nitrogen-fixing legume.  
Methods  
Study area 
This experiment was conducted at Iowa State University’s Field Extension Education 
Laboratory (FEEL) in Boone County, Iowa (42o00.318’N, 93o47.272’W; Fig. 2.1). FEEL is a 
17 ha demonstration farm. The site is bordered by row-crop corn and soybeans. The soil is in 
the Clarion series, classified as a Clarion loam, Bemis moraine with 6-10% slope (USDA 
Natural Resources Conservation Service n.d.). The series is a very deep, moderately well 
drained soil formed in glacial till (USDA Natural Resources Conservation Service n.d.). 
Between 2004-2017, a weather observation station located 12.4 km from the field site in 
Boone, Iowa (Iowa COOP Network, Station ID BNWI4) recorded an average daily 
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maximum temperature of 14.9°C, an average daily minimum temperature of 3°C, and 
average annual precipitation of 1014 mm (Iowa State University 2018). Prior to the onset of 
the experiment, the field was in row-crop production.  
 
 
 
 
 
Figure 2.1. Iowa State University Field Extension Education Laboratory (FEEL) is located in central Iowa, in 
Boone County (shaded in blue on map of Iowa). The experiment site was located at the far southern end of 
FEEL, in the white rectangle in the aerial image on the right. 
 
Experimental design  
The experiment was established in June 2009 as a garden-style experiment with 36 
plots measuring 2 m by 2 m (Gill et al. 2014). Plots were arranged along a 55 m by 24 m in 
grid formation of four blocks, with nine plots per block (Fig. 2.2). Treatments were 
established in a completely randomized design, and consisted of four monocultural 
treatments and five polycultural treatments composed of perennial prairie plantings ranging 
from 2 to 15 species (Table A2.1). The four monocultural treatments consist of (1) 
unfertilized corn, (2) alfalfa, (3) switchgrass (Panicum virgatum L.), and (4) willow trees 
(Salix matsudana Koidzumi). Corn was selected because it is the dominant crop in the region 
(USDA National Agricultural Statistics Service 2016); the corn was not fertilized as one 
option available to farmers to retain nitrogen. Alfalfa was selected because it is a commonly 
chosen perennial forage, and it is frequently suggested as an additional rotation to a 
traditional corn and soybean rotation to return nitrogen to the soil (Kelner et al. 1997). 
Switchgrass was selected because it has the potential to provide bioenergy and important 
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ecological benefits (e.g., soil stabilization, sediment trap) on marginal lands, such as those 
where conservation practices would likely be installed (Werling et al. 2014). Although 
uncommon in in-field practices, willow trees are commonly included in riparian buffers, and 
provide important ecological benefits (e.g., soil stabilization) and potentially additional 
income (Schultz et al. 1995). Each of these species has growth requirements amenable to 
local agricultural field conditions of full-sun and are non-invasive.  
 
 
 
 
 
 
 
 
Figure 2.2. Diagram of the field site, with 2m x 2m plots delineated in a four blocks (rows), with nine plots per 
block (rows). Treatments consisted of four monocultural treatments and five polycultural treatments, which are 
denoted in this diagram by the text/number in each square plot. Monoculture treatments: A=Alfalfa (Medicago 
sativa L.), C=Unfertilized corn (Zea mays L.), S=Switchgrass (Pancium virgatum L.), W=Willow (Salix 
matsudana Koidzumi). Polyculture treatments: 2=2-species, 3=3-species, 5=5 species, MS=12-species, CP=14 
speies. More information about polycultural treatments is available in Table A2.1 in the Appendix.   
 
The five polycultural treatments were derived from recommendations for 
conservation plantings from the USDA Natural Resource Conservation Service in Iowa, 
available through the Iowa Native Seed Calculator (Iowa NRCS 2017), and Michigan State 
University (Fiedler and Landis 2007; Tuell et al. 2008). Both sources recommend mixtures 
that include C3 graminoids, C4 graminoids, and forbs with locally adapted genotypes native 
to the north-central region of the US. A 14-species mix was selected from a larger list of 
commercially available prairie species developed by the Iowa Natural Resource Conservation 
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Service and frequently used in USDA Conservation Reserve Program plantings targeting the 
restoration of rare and declining habitats (Table A2.1). A 12-species mix was developed from 
the recommendations provided by Michigan State University for pollinator conservation (Gill 
et al. 2014); three additional mixtures were assembled from this 12-species pool, including a 
five-species treatment, three-species treatment, and two-species treatment (Table A2.1). The 
overall experiment thus included a diversity gradient among treatments with four 
monocultures and five polycultures respectively containing 2, 3, 5, 12, and 14 species. In 
each of the four blocks, each of the nine treatments was randomly assigned to a plot. All 
prairie treatments were established as plugs (one-year old plants) in fall 2009 and spring 
2010. In spring 2014, we used plugs to re-established species that had disappeared from 
individual plots. We collected species presence/absence data for each plot monthly during the 
growing season in 2015 and 2016 to ensure species richness in each plot remained constant 
throughout the experiment. We hand weeded all treatments to maintain species composition.  
Prior to the nitrate addition phase of the experiment, we took four 2.5-cm diameter by 
15-cm deep soil cores from each plot during May of 2014. Samples were pooled, 
homogenized, sieved, dried, ground, and analyzed for total carbon and total nitrogen.  
Nitrate additions  
Between April and October 2015 and 2016, we simulated monthly rainfall and runoff 
events on each plot (Fig. A2.1). Each plot first received 100.9 L as the volume of water 
associated with a 2.5-cm rainfall event. Water applied to plots to simulate a rainfall event 
was sourced from the rural water utility. Baseline nitrate detected by the rural water utility 
varied from 4.2 to 9.2 mg NO3 L-1 in 2015 and from 4.2 to 9.8 mg NO3 L-1 in 2016 (Xenia 
Rural Water District 2016, 2015). For each monthly application of rainfall and runoff, all 
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plots received water from the same batch of water sourced from the rural water utility. The 
starting plot and direction of application was randomly selected for each treatment period. 
For each monthly rainfall application, a plot was randomly selected to receive the first 
application, and a direction (north, south, east, west) was randomly selected to move from the 
first plot to the second plot. After the first two plots, application continued along rows or 
columns, dependent on direction, until all plots had received rainfall applications.  
Immediately following the simulated rainfall event, we simulated runoff associated 
with a 2.5-cm rainfall event for each plot using the USDA Soil Conservation Service curve 
number method (USDA Soil Conservation Service 1972). We used a curve number of 78 to 
represent conditions for agricultural fields surrounding our site (land use: corn; treatment or 
practice: straight row; hydrologic condition: good; hydrological soil group: B).  
𝑅𝑢𝑛𝑜𝑓𝑓 = (()*+,-,./.,0123.5678999:; <2=3>?(()*+,-,./.,01@3.A(78999:; <2=3)       Eq. 1 
We thus applied 5.9 L of water applied to each plot to simulate the runoff event 
associated with the rainfall event. We added nitrate to each simulated runoff event to 
represent peak concentrations of nitrate found in runoff from an agricultural field following a 
severe rain event. Each plot received nitrate at a concentration of 7.0 mg L-1, a concentration 
consistent with the literature (Steinheimer et al. 1998; Schoonover et al. 2005; Udawatta et 
al. 2006). We prepared the runoff solution by adding premeasured amounts of sodium nitrate 
to the volume of runoff. The volume of runoff and nitrate were mixed by hand in drums until 
52.0 mg of sodium nitrate (NaNO3) was dissolved, for a NaNO3 concentration of 8.9 mg L-1. 
Drums were mounted approximately 10 cm above each plot and the simulated runoff was 
applied to the plot through a drip hose coiled within the plot (Fig. A2.1).  
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Two ceramic cup soil solution samplers were installed at random locations in each 
plot in May 2014 – one at a depth of 15 cm and one at a depth of 50 cm – to collect soil pore 
water samples (Symstad and Tilman 2001). We collected soil pore water samples from 
ceramic cup soil solution samplers three times per month and analyzed the samples for nitrate 
concentrations to estimate the comparative losses of nitrogen from plots. Pore water samples 
were collected prior to each simulated runoff, three days after each simulated runoff event, 
and six days after each runoff event from May to October in 2015 and 2016. Water samples 
were refrigerated and stored until analyzed for nitrate concentration in a laboratory at Iowa 
State University. Nitrate analysis was conducted on a spectrophotometer using second-
derivative analysis (Crumpton et al. 1992). We harvested aboveground biomass during the 
third week of November in 2015 and 2016 to examine nitrogen content retained in plant 
matter.  
Statistical methods 
Linear mixed models (LMM) were used to compare baseline levels of soil carbon and 
nitrogen using the statistical software R (R Core Team 2016). We set nitrate levels below the 
detection limit of 0.01 to zero and then added the minimum non-zero value, which was 
0.0106 to all observations to avoid taking logarithms of zero. We fit a mixed effect linear 
regression model to the natural logarithm of nitrate using treatment, depth, month, year, day, 
and logarithm of biomass as fixed effects and plot as a random effect. We utilized the R 
package rstanarm to perform Bayesian inference using default priors for all parameters and 
the default of 4 chains each with 10,000 burn-in iterations and 10,000 inferential iterations. 
Contrasts were constructed (Goodrich et al. 2018; Table A2.2) to answer specific scientific 
questions of interests and results are presented as 95% credible intervals. A model was run 
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for the full data set on soil pore water nitrate concentrations. A second model that included 
end-of-season biomass as an explanatory variable was developed for a subset of the data. The 
alfalfa treatment was not included in this model: due to differences in phenology, alfalfa 
biomass peaks early in the growing season and declines thereafter (Barnhart 2010). Little to 
no alfalfa biomass remained in November when plot harvest occurred, resulting in many 
missing data points. Contrasts that have been exponentiated can be interpreted as 
multiplicative effects. 
Results 
We tested for the effect of treatment on total soil carbon or total soil nitrogen prior to 
the nitrate additions and found no significant impacts (Fig. A2.2, A2.3), and thus did not 
include initial total carbon and total nitrogen as explanatory variables in our statistical model 
of soil pore water nitrate concentration.  
Significant effects in our soil pore water nitrate model included year (2015 higher 
than 2016), month (all other months’ concentrations lower than May concentrations), day 
following nitrate addition (nitrate levels higher at Day 3 and Day 6 compared to Day 0), and 
an effect of treatment (Table 2.1, Fig. A2.3). Specifically, statistical comparisons of 
treatments revealed significantly higher concentrations of soil pore water nitrate associated 
with the monocultural plantings – including alfalfa, unfertilized corn, switchgrass, and 
willow – compared to polycultures, with 1.46 (95% credible interval = 1.01, 2.14) times 
more pore water nitrate in the monocultures (Table 2.2). In other words, polycultures retained 
31.5% (1%, 53%) more nitrate than monocultures. This result supports our prediction that the 
polycultural treatments would lower the amount of pore water nitrate available to the plants 
and to leaching. The difference largely appears to be driven by differences between alfalfa 
and the polycultural treatments: alfalfa plots had 2.70 (1.49, 4.99) times higher median 
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concentrations of nitrate compared to the polycultures, or retained 63.0% (33%, 80%) less 
nitrate, after adjusting for year, month, measurement day, measurement depth, and plot 
(Table 2.2). While not significant, soil pore water nitrate concentrations under unfertilized 
corn trended higher than the polycultural treatments, especially when end-of-season biomass 
was accounted for (Table 2.2, Fig. 2.3). We did not detect a statistical difference between 
alfalfa and unfertilized corn treatments (Table 2.2). We found no evidence of a linear trend in 
soil pore water nitrate concentrations associated with diversity, regardless of whether end-of-
season biomass was considered (Table 2.2).  
 
Table 2.1. Estimates of the fixed effects (standard errors) and random effects standard deviations for mixed 
effect linear regression models of median soil pore water nitrate concentrations observed in 2015 and 2016 at 
the Iowa State University Field Extension Education Laboratory. 
 
Parameter Without biomass With biomass 
Year: 2016  0.15 (0.09)   0.29 (0.10) 
Month: June  0.16 (0.16)   0.16 (0.18) 
Month: July -0.30 (0.16)  -0.37 (0.18) 
Month: August -0.34 (0.14)  -0.48 (0.17) 
Month: September -0.26 (0.16)  -0.37 (0.18) 
Month: October -0.24 (0.16)  -0.39 (0.19) 
Day 3  1.22 (0.11)   1.31 (0.12) 
Day 6  0.39 (0.12)   0.55 (0.13) 
Sampling depth: 50 (cm) -0.08 (0.08)  -0.09 (0.09) 
Treatment: Alfalfa  0.22 (0.32)  
Treatment: Corn -0.44 (0.32) -0.43 (0.30) 
Treatment: Switchgrass -0.79 (0.31) -0.57 (0.32) 
Treatment: Willow -0.56 (0.33) -0.15 (0.42) 
Treatment: 2 Native Species -0.95 (0.32) -1.13 (0.31) 
Treatment: 3 Native Species -0.89 (0.32) -1.09 (0.31) 
Treatment: 5 Native Species -0.90 (0.34) -1.07 (0.34) 
Treatment: 12 Native Species -0.62 (0.32) -0.76 (0.3) 
Treatment: 14 Native Species -0.49 (0.32) -0.61 (0.31) 
Log(Biomass Weight/1000)   0.14 (0.08) 
SD Error  1.46 (0.03)  1.47 (0.03) 
SD Plot  0.26 (0.10)  0.18 (0.08) 
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Table 2.2. Estimated multiplicative effect of treatment on median pore water nitrate concentration between 
grouped or selected monocultural treatments compared to the polycultures. An estimate of the multiplicative 
effect of each contrast with associated p value and lower/upper estimates of the 95% confidence interval (CI) 
are provided. 
 
Contrast Without biomass With biomass 
Monoculture / Polyculture 1.46 (1.01,2.14) 1.73 (1.02,2.89) 
Alfalfa / Polyculture 2.70 (1.49,4.99)  
Corn / Polyculture 1.40 (0.76,2.55) 1.64 (0.97,2.79) 
Alfalfa / Corn 1.92 (0.90,4.22)  
Linear trend 4.48 (-2.36,11.22) 3.04 (-3.09,9.45) 
Switchgrass-Polyculture subgroup trend  -0.15 (-1.87,1.55)  -0.84 (-2.49,0.84) 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.3. Log-transformed concentrations of pore water nitrate concentration categorically sorted by 
treatment based on statistical models without (A) and with (B) plant biomass as a covariate. The model 
including plant biomass did not include alfalfa due to the phenology of this species resulting in little to no 
biomass on the end-of-season harvest dates.  
 
Discussion 
Vegetative buffers and filter strips can play an important role in retaining and 
removing nitrate in agricultural landscapes, and are included in the Iowa Nutrient Reduction 
Strategy as a standard practice for nitrate removal and retention (IDALS et al. 2013). Our 
A B 
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research demonstrates the impact of plant community selection on the efficiency of nitrate 
removal associated with vegetated buffers and filter strips. Our results align with our 
overarching hypotheses that polycultures would be more effective at retaining nitrate than 
monocultures and that alfalfa (M. sativa L.) would be the least effective at retaining nitrate 
due to its nitrogen-fixing properties. But, our results do not align with our more specific 
hypothesis, which predicted plant communities with higher species diversity – specifically 
those with a mixture of forbs, cool-season grasses (C3 graminoids), and warm-season grasses 
(C4 graminoids) – would retain more nitrate than lower diversity communities. Our results 
show no significant differences in nitrate retention between polycultural treatments.  
Polycultural plant communities may have exhibited greater nitrate uptake due to a 
greater diversity in morphological, physiological, and phenological traits within the overall 
community, resulting in more efficient use of water and enhanced nitrate uptake (e.g., 
Anderegg & Lichtenstein 1981; Tilman and Wedin 1991, 1991a). For example, the forbs, C3 
graminoids, and C4 graminoids in this study have different rooting structures that access 
different parts of the soil profile, and as a result differentially impact soil carbon levels and 
water infiltration (e.g., deep-rooted Andropogon gerardi V. compared to shallow-rooted 
Anemone canadensis L.). They also use different photosynthetic pathways (e.g., C4 Panicum 
virgatum L. compared to C3 Elymus canadensis L. or C3 Rudbeckia hirta L.), maturing and 
senescing during different times during the growing season (e.g., maturation of Zizia aptera 
in May-June compared to maturation of Silphium perfoliatum L. in August-October). Greater 
diversity in morphological, physiological, and phenological traits in polycultural plant 
communities may have facilitated those assemblages to take greater advantage of spatial and 
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temporal variability in soil carbon, water infiltration, and available nitrate, leading to greater 
nitrate removal and retention. 
Previous biodiversity and ecosystem functioning studies have demonstrated a 
positive, but often a saturating, relationship between plant species diversity, and functional 
group traits, and nutrient uptake (e.g., Tilman et al. 1996; Spehn et al. 2005; Balvanera et al. 
2006; Bracken and Stachowicz 2006; Cardinale et al. 2006; Cardinale 2011; Cardinale et al. 
2011). In a meta-analysis of the biodiversity and ecosystem functioning literature, Cardinale 
et al. (2011) summarized key questions and hypotheses about plant species richness and its 
effect on ecosystem function. Similar to our experiment, the majority of studies considered 
by Cardinale et al. (2011) measured the impact of prairie plant species richness on 
concentrations of nitrate. Across studies, Cardinale et al. (2011) found a 48% reduction in 
average nutrient concentrations associated with the most diverse polycultural assemblages 
compared to monocultural assemblage. The mechanisms that appear to be driving these 
relationships are selection effects (Huston 1997) and complementarity (Tilman et al. 1997). 
This result underscores a limitation in our applied experiment and suggests directions for 
future experiments.  
Our experimental design was deliberately applied; we purposefully chose species 
assemblages that landowners and farmers were likely to plant in vegetative buffers and filter 
strips in Iowa. For example, we specifically chose species to grow in monoculture based on 
species that would be selected by landowners and farmers (e.g., P. virgatum L. as opposed to 
Artemisia ludoviciana Nutt.), and we specifically chose polycultural species assemblages 
based on state-level conservation recommendations. Nonetheless, to fully discern the 
relationship between biodiversity and ecosystem functioning, in this case nitrate retention, 
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plant assemblages need to be completely nested, meaning that all plant species should be 
grown in monoculture, 2-species assemblages, 3-species assemblages, and so on. A 
completely nested experimental design would allow the average nitrate retention of the most 
diverse polyculture to be compared to the average nitrate retention of each monoculture, and 
would provide data to evaluate the mechanisms that influence biodiversity ecosystem 
functioning by differentiating between effects of species richness and species composition. 
Our experimental design did not allow for each plant species to be grown in monoculture, 
and included some, but not complete, sequential nesting. This experimental design limits our 
ability to completely evaluate the effect of biodiversity on nitrate retention and its 
mechanisms.   
Additional research, in the form of both greenhouse and watershed studies, would 
provide useful information about the mechanisms by which biodiversity affects nitrate 
retention and its overall potential impact. Conducting a fully-nested experiment in pots in a 
controlled-environment greenhouse would overcome some of the aforementioned design and 
data limitations, and would remove much of the variability associated with field-based 
experiments (e.g., soil, climate, landscape position, etc.). Alternatively, a watershed-based 
experiment, incorporating greater landscape heterogeneity across biophysical gradients (e.g., 
soil, climate, landscape position, management, species assemblages, etc.) would provide 
information about diversity-function across spatial and temporal scales in “real” ecosystems 
with variable landowner and farmer management. Conservation practices such as prairie 
strips (Schulte et al. 2017) are increasingly common in watersheds in Iowa, and may offer 
potential opportunities to study the relationship between biodiversity and nutrient retention 
across spatial and temporal scales.  
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Conservation practices that include native, perennial vegetation offer multiple 
environmental benefits (e.g., Schulte et al. 2017). For example, prior to our experiment, our 
experimental plots were used to evaluate the role of plant species diversity and composition 
on the abundance and diversity of beneficial insects (Gill et al. 2014). Plots that provided 
floral resources over the growing season were associated with an increased abundance and 
diversity of beneficial insects, demonstrating the importance of temporal changes in floral 
resources in pollinator habitat (Gill et al. 2014). Considering the results of our experiment 
and Gill et al. (2014) when making recommendations about conservation practice plant 
species selection has the potential to enhance the number of benefits provided by 
conservation practices. Additional research evaluating how plant biodiversity in conservation 
practices impacts ecosystem functions and services could improve the efficiency with which 
environmental benefits are accrued.  
Conclusion 
This study informs plant species selection for conservation practices designed for 
nitrate retention in agricultural landscapes. Results suggest polycultural plantings in 
vegetative buffers and filter strips remove and retain more nitrate than monocultural 
plantings. While the perennial alfalfa provides other benefits in agricultural landscapes, it 
does not appear to be an effective option for nitrate removal in edge-of-field practices. While 
nitrate retention is important for meeting water quality goals, other factors including cost and 
habitat quality are additionally important considerations for conservation program and land 
managers.  
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Table A2.2. Statistical contrasts used in analyzing nitrate soil pore water. See Table A2.1 for species 
compositions of the mixtures.   
 
 
 
 
 
 
 
 
 
 
 
 
 
Comparison Exponentiated Alfalfa Corn Willow Switchgrass 2-sp 3-sp 5-sp 12-sp 14-sp 
Monoculture / non-Monoculture Yes 1/4 1/4 1/4 1/4 -1/5 -1/5 -1/5 -1/5 -1/5 
Corn / non-Monoculture Yes  1   -1/5 -1/5 -1/5 -1/5 -1/5 
Alfalfa / non-Monoculture Yes 1    -1/5 -1/5 -1/5 -1/5 -1/5 
Alfalfa / Corn Yes 1 -1        
Switchgrss-Polyculture subgroup trend No    -7/4 -3/4 1/4 9/4   
Linear trend in native species diversity No    -31/6 -25/6 -19/6 -7/6 35/6 47/6 
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Figure A2.1. A, Schematic representation of research plot with experimental application of water to simulate 
precipitation or agricultural runoff. The water application drum holds 114 liters and was mounted 10 cm above 
the ground on a cement block. Drip tape (1.6 cm in diameter) was attached with a bulk head union through a 
hole in the drum, and was arranged concentrically to distribute the simulated precipitation or runoff to the plot. 
B, Photo of field site, with black drums visible at each plot. 
 
 
 
 
 
 
 
 
 
A 
B 
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Figure A2.2. A, Total percent carbon in soil of each treatment. B, Total percent nitrogen in soil of each 
treatment. Soil samples were taken four years after establishment, and prior to nitrate applications. Treatment 
effects were not significant for any treatment. Error bars represent the 95% confidence interval.  
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CHAPTER 3. FARMER AND FARMLAND OWNER VIEWS ON SPATIAL 
TARGETING FOR SOIL CONSERVATION AND WATER QUALITY 
Paper accepted, Water Resources Research  
Emily K Zimmerman, John C. Tyndall, Lisa A. Schulte, and G L D. Larson 
Abstract 
The US Corn Belt is highly productive with respect to grain and livestock 
commodities but often neglects to deliver other benefits such as soil stability, nutrient 
retention, and clean water. New precision technologies and conservation planning 
frameworks offer opportunities to adapt the current agricultural system to meet 
environmental goals along with production by strategically placing best management 
practices (BMPs) to target and address specific in-field resource concerns. To understand 
farmers’ and farmland owners’ willingness to participate in such targeting schemes, we 
conducted in-depth interviews with 18 farmers and farmland owners whose fields were 
targeted for soil and nutrient loss in two watersheds in central Iowa. We examined their 
current application of BMPs and opportunities and constraints to further adoption. We found 
that farmers and farmland owners often recognized the importance of producing a diverse 
suite of on- and off-farm environmental benefits, but lacked the context, information, 
certainty, and strong incentives to manage for them. Interviewees were generally receptive to 
using technologies to target BMPs to areas with resource concerns, but expressed concerns 
about applications on their own land. They specifically perceived challenges related to cost, 
management complexity, coordination with government programs, and loss of autonomy. For 
broad acceptance, a spatially targeted conservation approach would need to be paired with 
expanded partnerships, trusted technical service, and adaptation incentives to reduce farm-
level economic tradeoffs. 
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Introduction 
The US Corn Belt is highly productive with respect to the production of grain and 
livestock based commodities. In the US Corn Belt state of Iowa, the 2016 production of corn 
grain and soybeans resulted in a collective market value of over 13.6 billion USD (USDA 
National Agricultural Statistics Service 2017). While the production of agricultural 
commodities provides economically tangible benefits to society, their current mode of 
production can negatively impact soil health, biodiversity, and water quality at local and 
regional levels (Power 2010). These tradeoffs are complex relative to scale, timing, 
interactions, and impacts on society (e.g., Robertson et al. 2014). Diffuse, nonpoint source 
nitrate, phosphorus, and sediment originating from row-crop dominated agricultural systems 
have broadly endangered ecosystem health, violated safe drinking water standards, damaged 
local aquatic resources, restricted recreational activities, and challenged the enforcement and 
management of state and federal environmental quality laws (Richter et al. 1997; Ward et al. 
2005; Matthaei et al. 2010; Longhurst 2012; Brooks et al. 2016). These same pollutants are 
also the primary contributors to aquatic hypoxia in the Gulf of Mexico, which is a nationally 
recognized problem (Mississippi River Gulf of Mexico Watershed Nutrient Task Force 
2008).  
With direction from the 2008 Gulf of Mexico Hypoxia Action Plan, 12 states 
throughout the Mississippi River Basin have been developing comprehensive, farm-oriented 
nutrient reduction strategies designed to achieve the minimum 45% reduction in total 
nitrogen and phosphorus loads in the Mississippi River (Mississippi River Gulf of Mexico 
Watershed Nutrient Task Force 2008; Rabotyagov et al. 2014). The 2008 Gulf of Mexico 
Hypoxic Action Plan originally intended for those goals to be achieved, and the five-year 
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average of the hypoxic zone to be less than 5,000 km2, by 2015; the plan was amended to 
recognize that it may take longer than 2015 to reach that goal (Mississippi River Gulf of 
Mexico Watershed Nutrient Task Force 2008). The 2012 nutrient reduction strategy for the 
state of Iowa is centered upon the promotion of widespread, voluntary adoption of in-field 
and/or edge-of-field nutrient-reducing BMPs such as nutrient-reduction management, no-till 
farming, cover crops, buffers, reconstructed wetlands, and/or denitrifying bioreactors (Iowa 
Department of Agriculture and Land Stewardship et al. 2017). The nonpoint source nutrient 
reduction goal for Iowa is a 41% reduction in total nitrogen and a 29% reduction in total 
phosphorus to fulfill the state’s role for the entire Mississippi River Basin (Iowa Department 
of Agriculture and Land Stewardship et al. 2017).  
To date, these reduction strategies largely rely upon current regional conservation 
funding and outreach infrastructure (i.e., USDA Natural Resource Conservation Service 
technical support programming) to broadly inform and incentivize the adoption of BMPs at 
individual farm scales. Billions of dollars have been spent over decades promoting 
conservation efforts throughout the US Corn Belt region via a combination of cost sharing, 
direct rental payments, technical support, and various non-voluntary cross compliance 
measures; yet, government programs have thus far failed to demonstrate marked progress 
toward state and regional environmental quality objectives (Tomer and Locke 2011; Osmond 
et al. 2012). For example, USDA conservation payments in Iowa totaled 4.97 billion USD 
from 1995-2016 (Environmental Working Group 2018). Meanwhile, Iowa has long been a 
primary contributor to diffuse, nonpoint source nitrogen and phosphorus contributions to 
Gulf hypoxia (Alexander et al. 2008, Jones at al. 2018). The 2017 Gulf of Mexico hypoxic 
zone was the largest recorded since annual monitoring began in 1985 (LUMCOM 2017). 
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This lack of progress is further exacerbated by declining monetary and programmatic support 
for conservation in general; the 2014 federal farm bill reduced conservation funding by 4 
billion USD (Lubben and Pease 2014; Claassen 2014). 
Ultimately the reasons for the disconnect between conservation efforts and outcomes 
at broad scales are a complex mix of biophysical, economic and social conditions (e.g., 
Osmond et al. 2012). Yet, two key issues associated with historically inefficient BMP 
application are that they often are not spatially targeted toward critical source areas of 
pollutants, and there is a lack of consideration of hydrologic processes (e.g., subsurface 
drainage) at the watershed scale when broadly allocating conservation effort (Lemke et al. 
2010; Tomer and Locke 2011; Tomer et al. 2013). Solving these issues requires watershed 
management: the process of understanding and implementing BMPs at the field scale to 
improve water quality outcomes at the watershed scale. Implementing BMPs to improve 
water quality outcomes at the watershed scale requires coordinated action among the farmers 
and farmland owners making private land management decisions.  
We conducted interviews with farmers and farmland owners who own or operate 
fields targeted for conservation concerns (nutrient and/or sediment loss) to understand their 
views on the targeted conservation approach and the co-production of agricultural 
commodities and environmental benefits. To do this, we used a unique watershed-scale, 
biophysically targeted conservation approach in two, twelve-digit hydrologic unit code 
(HUC-12) watersheds in central Iowa to identify fields with conservation concerns. We 
assessed the willingness of farmers that owned or farmed identified fields to participate in 
targeted conservation programming and conservation plans for soil conservation and water 
quality protection. Our goal was to identify factors that facilitate or constrain the application 
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of spatially targeted conservation in the US Corn Belt, particularly those that could be 
addressed through policy or technical service within the existing voluntary conservation 
paradigm. 
Background Information and Literature Review 
Historically, application of agricultural BMPs has been focused at the field level, and 
relatively little effort has been placed on coordinating BMP installation across property 
boundaries (i.e., across fields with different ownership) to achieve watershed-level outcomes. 
This lack of coordination has perpetuated an inefficient system where BMP placement at the 
field level typically neglects the aggregate watershed outcomes, or, conversely, wherein a 
watershed is targeted based on large-scale priorities, but field-level or sub-field level BMP 
applications are not prioritized or coordinated based on resource concern. Currently, 
application of BMPs first relies on farmers’ and/or farmland owners’ self-selection for 
voluntary adoption within singular property boundaries, typically resulting in less effective 
conservation outcomes at basin scales because of spatially and temporally disconnected 
BMPs (e.g., Secchi et al. 2008; Tomer and Locke 2011). While attentive to parcel-level 
concerns, this approach been dubbed “random acts of conservation” because it usually fails 
to meet watershed-level goals (Knight 2005, 137A). 
Recent, relatively easy-to-use GIS-based conservation planning models have been 
developed to better facilitate the watershed planning required to remedy this situation (e.g., 
the USDA Agricultural Conservation Planning Framework; Tomer et al. 2013; Tomer et al. 
2015a; Tomer et al. 2015b). Now more than ever, conservation agencies and watershed 
stakeholders have the capacity to link inexpensive publicly available, high-resolution 
geospatial data (e.g., LiDAR, 1-m resolution land cover data layers, soils data layers) with 
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knowledge of conservation effectiveness to rapidly and accurately target BMP placement to 
parts of the landscape where the greatest reduction in non-point source nutrient and sediment 
losses can be achieved. These tools factor in nutrient retention and water quality outcomes at 
field and basin scales (Berry et al. 2005; Tomer et al. 2013; Tomer et al. 2015). In practice, 
spatially targeted conservation utilizes field-to-watershed planning technologies (e.g., 
Geographic Information Systems, spatial data analysis, geoprocessing, and hydrologic 
modeling) to analyze the combined impacts of land use and management, soil properties, 
hydrology, drainage, nutrient cycling, and direct and indirect costs, so as to guide strategic 
and scale-appropriate BMP placement (Berry et al. 2005; Qiu 2010; Tomer et al. 2013).  
In addition to hydrologic and technical considerations, is the social context for and 
capacity of stakeholders to support targeted conservation action at appropriate scales. In the 
US Corn Belt state of Iowa, residents have indicated an interest in the production of a broad 
array of environmental benefits from agriculture that complement commodities and a 
spatially targeted conservation policy as a method of increasing the production of 
environmental benefits from agricultural landscapes. For example, in 2010, 63% of Iowa 
voters voted for a constitutional amendment to create the Natural Resources and Outdoor 
Recreation Fund, which would provide a permanent and protected funding source dedicated 
to environmental benefits such as clean water, productive agricultural soils, and thriving 
wildlife habitats (Iowa Department of Natural Resources et al. 2017). In 2011 and 2012, an 
Iowa-wide survey noted that over 63% of respondents indicated they support directed policy 
for spatially targeted conservation in the state to increase the production of environmental 
benefits from agricultural landscapes (Arbuckle et al. 2015).  
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Farmers and farmland owners in Iowa have indicated they are amenable to using 
technology for spatially targeted conservation. Arbuckle (2013) reported that over 70% of 
Iowa farmers and farmland owners generally support the concept of and approaches to target 
conservation at watershed scales. Factors associated with support of spatially targeted 
conservation approaches include understanding of environmental impacts associated with 
agriculture, concern or experience with on-farm environmental issues and/or extreme 
weather events, and participation in current conservation programming (Arbuckle 2013). 
Kalcic et al. (2014) interviewed farmers and farmland owners who expressed similar support 
for spatially targeted conservation, but identified concerns related to flexibility about 
application and government regulations. Using the Soil and Water Assessment Tool (SWAT) 
to identify suitable locations for six BMPs in west-central Indiana, Kalcic et al. (2015) 
interviewed 14 farmers and farmland owners to understand perceptions of conservation 
needs, the process of adaptive targeting, and likelihood of BMP adoption. An adaptive 
targeted conservation approach is an iterative process that integrates farmers’ and farmland 
owners’ input in conservation planning and implementation (Kalcic et al. 2014; Kalcic et al. 
2015). Farmers and farmland owners were found to be generally amenable to the concept of 
spatially targeted conservation approaches, but only 35% of identified farmers and farmland 
owners expressed a high likelihood of adopting BMPs as per the planning process applied in 
the study (Kalcic et al. 2015).  
Broadly examined, behavioral research exploring conservation BMP adoption has 
noted that farmer and farmland owner decision-making is influenced by complex individual 
motivations, attitudes and beliefs as well as farm characteristics and institutional factors 
(Prokopy et al. 2008). On-farm use of BMPs for environmental quality management requires 
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both short and long term financial investment, while the benefits of adoption manifest in 
complex, often off-farm, ways. Therefore, decision making about BMP adoption is strongly 
influenced by economic considerations regarding on-farm benefits and costs (Liu et al. 
2018). These views on economics are often balanced by farmer and farmland owner attitudes 
and beliefs about the compatibility and weighing of profit motivations relative to achieving 
stewardship goals (Chouinard et al. 2008; Reimer et al. 2012a; McGuire et al. 2013; 
Thompson et al. 2015; Floress et al. 2017). Decision making about BMP adoption at the 
individual level is often influenced by farmer/farmland owner beliefs regarding capacity to 
make on- and off-farm  change, awareness of environmental concerns and on-farm 
management options, acceptance and/or availability of technical advice and financial 
incentives, individual farm characteristics (such as production scale, type, and geography), 
and perception of risk (Prokopy et al. 2008; Baumgart-Getz et al. 2012; Reimer et al. 2012; 
Wilson et al. 2014). Beyond individual and farm characteristics there are complex 
institutional and structural drivers associated with markets and policy conditions that 
facilitate or detract from conservation actions (Duram 2000; Blesh and Wolf 2014). 
Our research builds on the work of these prior findings and the concepts applied in 
Arbuckle (2013), Kalcic et al. (2014, 2015), and others. We constructed a novel, spatially 
targeted conservation approach in two central Iowa watersheds to identify parcels of concern 
for nutrient and sediment loss using a series of GIS-based models and conducted two-part 
interviews with the farmers and farmland owners of targeted parcels to understand their 
beliefs and attitudes regarding: a) researcher-developed, site-specific conservation plans 
regarding targeted parcels of their farms, b) cooperation with other farmers and agencies to 
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achieve environmental quality outcomes, and c) opportunities for and constraints to spatially 
targeted conservation.   
Methods 
Study Area 
We conducted interviews with farmers and farmland owners in the Big Creek and 
Squaw Creek watersheds of central Iowa regarding their perspectives on a spatially targeted 
conservation approach (Fig. 3.1). The Big Creek watershed is located in Boone, Story, and 
Polk counties, and extends 19,289 ha across the Des Moines Lobe landform (Prior 1991). 
The watershed lies directly north of the Des Moines metropolitan area, which has 
approximately 500,000 residents. Approximately 82% of Big Creek watershed is in row-crop 
corn and soybean agriculture and 5% of the watershed is in pasture, and the primary crop 
rotation in the watershed is a 2-year corn-soybean rotation managed using synthetic 
fertilizers and pesticides. There are two confined animal feeding operations (CAFOs) in the 
watershed. The 306 ha Big Creek Lake, located at the southern end of the watershed, is fed 
by three main creeks: Turkey Creek, Big Creek, and Little Creek. The three main creeks are 
approximately 132 km in length (Graham 2011). Average annual rainfall in the watershed is 
838.2 mm (Graham, 2011). Big Creek Lake is listed on the US EPA 303(d) list due to 
declining water quality, resulting from high levels of E. coli and high levels of algal growth 
caused by excess nutrients in surface waters from diffuse agricultural sources. Big Creek 
Lake also has an EPA-mandated Total Daily Maximum Load (TMDL) for dangerous levels 
of E.coli (Graham 2011).  
The Squaw Creek watershed is located in Jasper County, and extends 6,353 ha across 
the Southern Iowa Drift Plain landform (Prior 1991). The watershed lies directly east of the 
Des Moines metropolitan area. Approximately 63% of Squaw Creek watershed is in row-
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crop corn and soybean agriculture and 14% is in pasture. Similar to Big Creek watershed, the 
primary crop rotation is a 2-year corn-soybean rotation managed using synthetic fertilizers 
and pesticides. There are two CAFOs and one animal feeding operation (AFO) in the 
watershed. Squaw Creek is the primary creek in the watershed and discharges into the South 
Skunk River. Squaw Creek is approximately 12.23 km in length (Schilling 2000). Average 
annual rainfall in the watershed is 849.1 mm (Schilling 2000). This section of the South 
Skunk River is listed on the US EPA 303(d) list due to declining water quality from excess 
nutrients in surface waters from agricultural nonpoint sources and is awaiting an EPA-
mandated TMDL for dangerous levels of bacteria, primarily E.coli. Poor water quality in the 
South Skunk River from upstream watersheds, such as Squaw Creek, has multiple negative 
effects on recreational uses and aquatic uses in the river. 
Figure 3.1. Map of location of Big Creek watershed (denoted in two black lines) and Squaw Creek watershed 
(denoted in solid black line) in four central Iowa counties (Boone, Story, Polk, and Jasper counties). Land use is 
derived from the 2013 Cropland Data Layer (USDA National Agricultural Statistics Service Cropland Data 
Layer 2013).   
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These two watersheds were chosen because they represent two different major 
landform regions of Iowa, and the watersheds have differing biophysical characteristics (e.g., 
slope and percentage of highly erodible land, soil, subsurface drainage, etc.), though their 
land uses and general farmer/farmland owner demographics are similar. County-level data 
for these watersheds suggest that the range of average farm sizes are 73 to 201 hectares, and 
farmers/farmland owners tend to be white males with an average age of 57 years (USDA 
National Agriculture Statistics Service 2012). By selecting watersheds in two different 
watersheds, we aimed to capture important geographic variation in farmer and farmland 
owner perspectives that may be related to variations in biophysical conditions of the land. 
We also selected these watersheds because they have been the focus of ongoing efforts 
related to addressing declining water quality related to drinking water, recreational, and 
aquatic uses (e.g., Graham 2011). For example, in Big Creek watershed, in response to the 
TMDL, the county Soil and Water Conservation Districts, the Iowa Department of Land 
Stewardship, and the Iowa Department of Natural Resources are collaborating to provide 
program staff, resources, and funding to improve water quality outcomes. 
A Targeted Approach to Interview Selection  
The interview selection process intentionally targeted individual fields in the two 
study watersheds that disproportionately contributed sediment, phosphorus, and nitrogen to 
surface waters. Individual fields were evaluated for potential contribution of sediment, 
phosphorus, and nitrogen loss using three GIS-based models that were created based on the 
newly available Iowa LiDAR mapping data (Iowa Department of Natural Resources & Iowa 
LiDAR Consortium 2007), to facilitate the identification of farm fields that were probable 
critical source areas – that is, areas where a field-level pollutant source (e.g., fertilizers or 
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tillage) coincides with active hydrologic transport mechanisms (e.g., fields with artificial 
subsurface tile drainage; Qiu 2010). Disproportionate refers to fields that had the potential to 
contribute comparatively higher amounts of nutrients and sediments relative to other fields, 
as predicted by the three GIS-based models. To identify areas of concentrated surface flow, 
we created a terrain-based stream power model to track the erosive power of flowing water 
(Wilson & Gallant 2000). With a threshold of concentrated flow from at least 1.62 ha (i.e., all 
runoff for a patch >1.62 ha flows through a given point), this model is able to identify areas 
of potential ephemeral and classic gulley erosion. To identify areas prone to rill and sheet 
erosion, we created an erosion potential model based on slope and slope-length 
characteristics, accounting for complex slope geometries and the effects of concentrated 
erosion patterns such as rilling (Moore and Birch 1986). Lastly, we created a model to 
classify subsurface drainage probability based on slope, soils, and areas with restricted 
surface drainage (e.g., depressional wetlands). We identified areas with a high nitrogen-
leaching potential based on the output from this subsurface drainage model. None of the 
three models were validated with monitoring data. These methods are similar to those in the 
Agricultural Conservation Planning Framework (Tomer et al. 2013; Tomer et al. 2015a; 
Tomer et al. 2015b), which is a land use planning tool.  
Sixty-five parcels were identified as having soil and water resource concerns related 
to sediment and nutrient loss using this spatially targeted approach. Using tract numbers from 
online plat maps and from the 2006 common land unit (CLU) GIS layer, 45 landowners (23 
in Big Creek watershed, 22 in Squaw Creek watershed) were identified as the decision 
makers for these targeted parcels. A CLU is the smallest unit of land that has a permanent, 
contiguous boundary, a common land cover and land management, a common owner, and a 
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common producer in agricultural land associated with USDA farm programs. Any CLU that 
intersected with targeted parcels in the two watersheds was selected. Farm number and tract 
number were extracted from the attribute table and exported to a Microsoft Excel™ file. 
When gaps in the data from the CLU existed, county-level assessors GIS databases were 
consulted for plat-level data. Identified farmland owners were contacted for participation. In 
cases of an owner/renter arrangement, interested farmland owners shared the names of their 
tenants (or contacted them on our behalf) who were contacted to solicit their participation in 
this study. Initial contact was made by an introductory letter, which provided a brief 
explanation of the study and notified farmland owners that they would receive a phone call. 
Phone calls were made, and nine farmers and farmland owners from the Big Creek watershed 
(participation rate of 39%) and nine farmers and farmland owners from the Squaw Creek 
watershed (participation rate of 41%) agreed to participate in the study. 
Interview Protocols  
Each participating farmer or farmland owner was interviewed twice between June 
2012 and October 2013; each interview was semi-structured and lasted approximately 60 
min. During the first interview, we described in non-technical terms the targeting process 
used to identify their field(s). Interviewees provided basic information regarding their 
operation, current conservation challenges in their fields, on their farms, and in their 
watersheds, and identified current BMPs and their motivations for using these BMPs. 
Participants were told that the information they provided would be used by us to develop 
site-specific conservation plans for their farm systems with recommended BMPs in targeted 
fields. The first interview was structured to: 1) establish collaboration and trust between 
participants and ourselves as research scientists; 2) obtain farmer knowledge about 
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conservation challenges, the success of BMPs, and interest in a spatially targeted 
conservation approach; and 3) record the types of information valued by farmers and 
farmland owners (e.g., agronomic, environmental, sociopolitical, etc.).  
For each participant, our research team, guided by pre-determined goals of reducing 
field-level nutrient and sediment loss, created conservation plans. The spatially targeted 
conservation plans were designed using: 1) conservation preferences of individual farmers, as 
identified during the first interview; 2) specific issues of concern, as identified during the 
first interview; and 3) field-level biophysical data obtained from the GIS-based models. 
During the second interview, farmers and farmland owners were presented with these farm-
specific, spatially targeted conservation plans for their fields, including maps and cost 
assessment for strategically integrated BMPs.  
Using the field-level biophysical data obtained from the GIS-based models, BMPs 
were selected to specifically mitigate field-level challenges associated with soil, slope, terrain 
shape, and hydrology. The purpose of presenting the field-level conservation scenarios to 
participants was to add further applicability to interviewees’ perceptions of targeted 
conservation plans. While farmers and farmland owners have indicated general support of 
targeted conservation approaches (Arbuckle 2013), interest in adoption has shown to vary 
when farmers and farmland owners are presented with conservation opportunities for their 
individual farms (e.g., Kalcic et al. 2015). Because of our specific interest in interviewees’ 
perceptions and prior research, we provided farmers with conservation scenarios with various 
BMPs. The BMPs applied in conservation plans varied so as to mitigate specific concerns 
and to fit in a variety of operations with differing goals. More detail regarding BMPs used in 
conservation plans is provided in Table A3.1 in the appendix. Broadly, the conservation 
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plans were of two types: a simple scenario to capitalize on in-field practices, such as cover 
crops, that could be incorporated into the existing management paradigm, and/or a more 
advanced scenario that included BMPs that remove land from production such as prairie 
strips (variable width contour buffer strips planted with diverse stiff-stemmed, warm season 
grasses) and/or reconstructed wetlands (Fig. 3.2). Participants were asked about their 
opinions of the plan and of the specific BMPs. The second interview probed participants’ 
opinions on managing for multiple environmental benefits, coordination and cooperation 
among farmers and agencies, and of the process of spatially targeted conservation within the 
context of their spatially targeted conservation plan. When participants were presented with 
tailored conservation plans, participants received a series of maps showing: (1) aerial image 
of the field, (2) aerial image of the field with contour overlay, (3) aerial image of the field 
with concentrated flow paths, (4) aerial image with conservation plan, showing location of 
each BMP, and when applicable, dimensions of each BMP (e.g., widths of buffers, strips, 
etc.). Participants did not receive quantitative information about environmental benefits (e.g., 
quantitative nutrient reduction from BMPs); rather, conservation plans were presented to 
participants as tools to generally mitigate nutrient and sediment loss from targeted fields. 
Participants did not receive information about incentive programs (e.g., government 
conservation programming) when presented with conservation plans. Interview guides used 
in our study are summarized in Table A3.2 and A3.3 in the appendix. 
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Figure 3.2. Conservation map with a prairie strip (yellow line) integrated along the contour of a ~3% slope field 
to address issues related to nutrient and sediment loss due to overland flow. In addition to maps of soil, slope, 
and flow paths, farmer and farmland owner participants received a conservation plan outlining potential BMPs, 
like this one, for implementation on their fields. Conservation plans also included discussions about nutrient 
management and tillage, which are not represented on planning maps.  
 
Data Analysis 
Interviews were audio recorded and transcribed verbatim. Transcripts were imported 
into the qualitative data management and analysis software, NVivo 10 (QSR 2014). These 
transcripts were the primary data for this research. Qualitative data, such as the transcribed 
interviews in this study, are not meant to provide generalizable information across a specific 
population (e.g., US Corn Belt farmers), yet can provide information regarding emergent 
topics in ways that quantitative approaches (e.g., surveys) are unable to identify or examine 
in-depth (Roesch-McNally et al. 2017). In the context of examining conservation behavior in 
agricultural or natural resource contexts, qualitative studies are often used to describe or 
interpret new or under researched issues, testing the boundaries of theory, in guiding policy 
operationalization, and in determining the exploratory dimensions of future research 
endeavors (particularly quantitative survey studies; Floress et al. 2018).   
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For this study, the lead author coded interview data using a grounded theory approach 
to identify emergent common, unique, and divergent themes expressed by interviewees 
(Corbin and Strauss 1990). Using an iterative process, the authors developed a coding 
manual, which was adapted over time, narrowed, and edited to more appropriately capture 
emergent themes expressed by the interviewees in the context of the interview questions that 
were asked. We identified emergent themes of the interviews, which were categorized using 
the coding manual. The co-authors independently reviewed transcripts; inter-coder reliability, 
which refers to reproducibility of identification of emergent themes across coders, was 
achieved using methods wherein co-authors coded randomly selected interviews and 
reviewed the congruency of those codes with the codes applied by the lead author. Few new 
themes emerged in latter coding, providing evidence that saturation was reached for topics of 
interest in this research. Data saturation refers to the point where no additional issues are 
identified, themes begin to repeat, and further analysis becomes redundant (Kerr et al. 2010). 
We further illustrate the themes and provide transparency in our analysis by using direct 
quotations from interviewees (Prokopy 2011). The frequencies reported in the results section 
are not associated with significance; the frequencies merely show common and/or divergent 
perceptions among interviewees. Geographic differences between interviewees in the two 
watersheds are integrated in with the major themes.  
Results 
The results section is organized into sections that relate to themes that emerged from 
the interviews (Fig. 3.3). Each theme is framed around common, unique, and divergent 
farmer beliefs that were revealed during analysis (Table 3.1). 
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Figure 3.3. Five key themes emerged about interviewees’ perceptions of a targeted conservation approach to 
expand the production of environmental benefits within agricultural watersheds. The five key themes are each 
represented by a circle. Each of the themes influences the perception of targeted conservation and the co-
production of environmental benefits which is demonstrated by the shaded triangle in the center. As this 
diagram shows, themes are likely related and may be correlated, but the relationship among themes was varied 
and nuanced. Qualitative methodology precludes quantifying these relationships. Details revealed by 
interviewees are presented in the results section.  
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Table 3.1. Themes and representative quotes from interviewees. The five central themes, key associated 
themes, and select representative quotations from in-depth interviews and qualitative analysis of interview data. 
 
 
Central Theme Key Associated Themes, (% of interviewees  
mentioning theme) 
Representative Quotes 
On- and off-farm 
nutrient and 
resource concerns  
• Concern about more severe concentrated 
and frequent water flows from increased 
impervious surfaces in residential/urban 
areas (50%) 
• Acknowledgement of the role of 
agriculture in contributing to poor surface 
water quality in watershed (33%) 
• Concern for downstream or regional 
effects associated with increased flow or 
poor surface water quality (11%) 
• “The pollution in the creeks, I would say 
90% of [the problems] are coming off of 
residential properties.”  
• “They want to blame the farmer [for 
nitrate issues].”  
• “…I am concerned about all the 
chemicals that we are putting in our 
waterways that end up in the Mississippi 
causing Dead Zones.”  
Compensation for 
societal benefits 
(i.e., incentives 
and recognition) 
• Recognition of physical compatibility of 
coproducing commodities and 
environmental benefits, but doing so 
likely requires systematic and varied 
compensation (50%) 
• Perception that coproduction of 
commodities and environmental benefits 
are inherently incompatible (50%) 
• “The tipping of the balance [for our 
participation] was, is [CREP] financially 
and tax-wise advantageous to me and the 
four sisters I represent…”  
• “You want pure water? Plug every tile 
and you’d get it. But you’d also put every 
farmer up here out of business. Never 
happen.”  
Role of agencies, 
policy, and 
technology 
• Experience working with USDA NRCS 
on conservation programming (45%) 
• Perception that USDA NRCS lacks 
flexibility in prescribing conservation 
programming (60%) 
• Comfortable with third-party entities 
remotely accessing publicly available 
information about their farms (65%) 
• Concern that remotely accessed, publicly 
available information could be used to 
promote environmental regulations (55%) 
• “…they’re [NRCS] very helpful and the 
technical service is perfect, I mean our 
terrace layout and such, we are very 
happy with that.”  
• “It takes them a couple years [to get a 
program going] – and to me, when I want 
to do it, I want to be approved the 
following week or whatever – and they’ve 
got all of this rigmarole to go through.”  
• “If it’s to help us [the farmers] get better, 
then maybe it’s all right. If they’re going 
to use it to put restrictions on me as a 
landowner… um, I don’t know.”  
Alignment with 
current farming 
system and 
practices  
• Neutral or negative feedback about 
specific spatially targeted conservation 
plan (100%) 
• Concerns about management regarding 
the BMP and/or row crops (80%) 
• Concerns about costs regarding BMP 
implementation (50%)  
• “One concern … is, the equipment is so 
wide, that when you have point rows and 
overlaps…it’s really nice to have things 
that ...work out in integral widths of a 
planter or a harvest unit or sprayer unit 
dimension….”  
• “It’s all money without benefit.”  
Farmer 
cooperation and 
rural communities 
• Perception of farmers’ ability to self-
organize to achieve off-farm 
environmental benefits (33%) 
• “…my neighbors are nearly non-existent 
right now cause it’s just everybody’s after 
every acre.”  
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General Demographics, Farm, and Conservation Characteristics of Interviewees  
Seventeen of the interviewees were male, and one interviewee was female. Of the 
interviewees, 4 were non-farming landowners and 14 were actively farming. Interviewees 
expressed a strong familial history in agricultural production, and many recounted the 
passing of at least part of the land they are currently farming through multiple generations. 
Ownership of targeted parcels varied among interviewees (e.g., own, rent, crop-share). One-
third of farmer interviewees owned all the land they farm, and the remaining two-thirds 
rented between 50% and 100% of their farmland acres. The number of acres farmed in total 
by interviewees ranged from 32 to 3,035 ha. The median amount of land farmed by a single 
interviewee was 486 ha. Targeted fields were 6-77 ha in size, and the median targeted field 
size was 29 ha. All interviewees grew corn and soybeans on their cropland. One-third of 
interviewees had livestock, predominately cattle. Cattle production ranged from 
approximately 10 animals to over 500 animals. Interviewees reported grazing cattle, mostly 
in the riparian areas along stream corridors with direct access to the waterway, and having 
feedlots for calving and wintering.  
The majority of interviewees, especially those without livestock, did not have access 
to manure, and fertilized with anhydrous ammonia, generally in the fall. The majority of 
interviewees use chemical weed, pest, and fungal control. Interviewees with livestock were 
more likely to remove residue for on-farm use such as bedding and supplemental feed. The 
reported average yields across farms are quite variable; yields during the period when 
interviews were conducted were variably affected, mostly negatively, by extreme drought in 
2012-2013.  
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All interviewees indicated that they actively managed certain fields for conservation 
goals and used specific BMPs on their operations. The most frequently used BMPs were 
grassed waterways, terraces, and tile drainage (Table 3.2). Other BMPs were used but not 
widely, these included wetlands, USDA Conservation Reserve Program (CRP) lands, tree 
plantings, diverse rotations, and residue management. Of the 18 interviewees, 17 
interviewees reported using more than one BMP on their fields. Of the fields managed by 
interviewees, fields that were identified as having nutrient and/or sediment concerns by our 
targeting protocol did not have BMPs addressing those specific concerns.  
Table 3.2. Conservation BMPs used by interviewees. The numbers in the column on the right indicate the 
number of farmers/farmland owners who discussed using that practice on their farm at the time of their 
interview.  
 
Best Management Practices  
Number of 
interviewees 
Grassed waterways  9  
Terraces  6  
Tile drainage  6  
Conservation tillage and/or no-till soil management  5  
Buffers, riparian and edge-of-field 3  
Rotational grazing  3  
Cover Crops  3  
Residue management  2  
Filter strips  2  
Agroforestry  1  
Conservation Reserve Program 1  
Contour planting  1  
Diverse crop rotations  1  
Wetlands  1  
 
Interviewees provided varying reasons for using BMPs on their fields. Over 70% of 
interviewees indicated that they had selected BMPs to address runoff and erosion on their 
fields, and a few interviewees specifically identified “riparian areas” as being areas of 
concern for these impacts. More than 70% of interviewees discussed their growing concern 
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for the effectiveness of certain BMPs relative to recently experienced excess precipitation 
(prior to the 2012 drought). Of specific mention, interviewees stated that intensification of 
precipitation and subsequent water flow had decreased the functional capacity of tile 
drainage and certain BMPs, such as terraces to reduce nutrient and sediment loss.  
In addition to resource concerns, one-third of interviewees noted that an 
intergenerational conservation ethic was fundamental to their family and their approach to 
farming. For example, one interviewee spoke about BMPs implemented on his century farm 
by his grandfather and father saying: 
…contour farming was set up to deal with erosion, particularly on some of these 
sloping areas. And also…another thing that was done was there’s a diversion terrace 
that my grandfather must have put in in the 1940s or 1950s. There’s a terrace here 
that diverts the runoff water from this farm that used to runoff here and cause a 
problem because once you get the water started, it becomes a continuing problem, so 
he diverted this into this ditch here, so this terrace was here when I was a little boy, so 
my grandfather had done that, or my dad might have early farming, too. These 
terraces were put in in the early 1980s. And I’m trying to remember, I can dig up the 
year, 1982, I think…that’s alright. And underground outlet tiles go with that. And 
then these terraces were put in in 2010. My dad always had grass strips and 
waterways in places where water seemed to run and…my dad stopped plowing...  
Concerns about Source of Excess Nutrients and Water Quality Impacts Off-farm and 
Downstream 
 
Interviewees acknowledged water quality concerns such as nutrient and sediment 
runoff in their watersheds, but largely attributed the sources of these impairments to 
residential and urban areas in their watershed, and expressed frustration with urban residents 
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not taking responsibility for water quality problems. Nearly half of interviewees indicated 
that more severe, concentrated, and frequent water flows are the result of increased 
residential areas and impervious surfaces in urban areas. They suggested these problems have 
been intensified by government-led efforts to channelize streams, which interviewees 
perceived to increase flow velocities leading to increased bank erosion. One interviewee 
concluded, “The pollution in the creeks, I would say 90% of [the problems] are coming off of 
residential properties,” emphasizing his opinion that the amount of water running off of 
urban impervious surfaces was the leading factor in the stream bank erosion problems, not 
his cattle. Another indicated, “I think the thing that bothers me the most is that they [residents 
of cities] want to blame all of the nitrogen and everything on the farmers, and yet, the amount 
of water running through here has probably more than quadrupled since I’ve owned it,” 
which the interviewee attributed to, “…mostly coming off of the concrete [in the city].” 
Moreover, noted the interviewee, “… [residents of cities] emphasize that all of this is the 
farmers’ problem: chemicals running off, nitrogen running off because [farmers] put too 
much nitrogen on their fields…”, but yet, “…they never talk about what city people are 
doing on their grass, and that it runs right into the storm sewers…”. Yet another interviewee 
remarked simply, “They want to blame the farmer [for nitrate issues].” 
Less than one-third of interviewees acknowledged the role of agriculture in 
contributing to poor surface water quality in their watershed. One interviewee captured this 
common sentiment well, simply stating, “…most of the farmers that I know are doing a 
pretty good job [with respect to conservation].” A few interviewees did speak about general 
problematic outcomes from some cropping systems occurring in their watershed (e.g., 
farming on steep slopes, chronic loss of top soil from hillsides, farming fields prone to runoff 
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and erosion), though rationalized, rather than place blame, when fellow producers choose not 
to apply certain management techniques. One interviewee explained that, “…farming is 
economics” and that other farmers were simply making pragmatic decisions relative to their 
current situation and that some producers in their watershed likely “…think they can’t afford 
not to do the cultivating.”   
Only two interviewees spoke explicitly about downstream effects, connecting local 
decisions with polluted waterways and hypoxia in the Gulf of Mexico, suggesting that the 
majority of interviewees do not contextualize on-farm or local nutrient concerns (regardless 
of perceived origin) in broader, basin scales. One interviewee did state, “…I am concerned 
about all the chemicals that we are putting in our waterways that end up in the Mississippi 
causing Dead Zones.” Yet, the vast majority of interviewees did not bring up concerns at this 
scale.  
Production of Societal Benefits requires Private Compensation  
Interviewees recognized that while conservation management that benefits society 
may well be physically compatible with private commodity production, broadly doing so 
likely requires systematic and varied compensation. Primarily, interviewees expressed that 
farmers need a mix of subsidy-based incentives (e.g., government payments, various forms of 
tax abatement), market incentives (e.g., new markets such as environmental quality trading 
programs or expanded markets for alternative agricultural products like small grains), or 
simple societal recognition of some sort to broadly signal that conservation benefits are as 
important as commodity production and to provide immediate economic return on private 
conservation investment. For example, one interviewee who considered participating in the 
Iowa Conservation Reserve Enhancement Program (CREP), a state-federal partnership 
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program that develops strategically located wetlands designed to remove nitrate from tile-
drainage water in agricultural landscapes, noted that the lack of immediate economic return 
to the farmer often led to farmers opting out. Specifically, the interviewee noted:  
The tipping of the balance [for our participation] was, is [CREP] financially and tax-
wise advantageous to me and the four sisters I represent, so those were the factors that 
we put into it, rather than worrying about the oxygen levels downstream and whether 
somebody in the Gulf of Mexico is going to harvest more shrimp. 
Access to markets was also discussed; one farmer noted that:  
…if I had 40 acres of oats [as part of a diverse rotation], and I harvested them and put 
them in the bin, and I call my local elevator and want to sell it to them, they will not 
buy them. And it frustrates me when I want oats in my rotation… 
Yet, some producers particularly in the Squaw Creek watershed were more likely to express 
desire for recognition from the greater public that they were trying to be stewards of their 
land. For example, one interviewee from the Squaw Creek watershed stated that, “…a little 
bit of recognition that, okay, you are doing something, you know, to keep the ground from 
totally going to pot.”   
Still, some interviewees were concerned about tradeoffs, and expressed perceptions 
that production and environmental outcomes were at times inherently incompatible. For 
example, one farmer captured this point by stating, “You want pure water? Plug every tile 
and you’d get it. But you’d also put every farmer up here out of business. Never happen.” 
This “either/or” perception was supported by a number of related concerns, particularly 
related to who should bear the perceived costs of co-producing commodities and 
environmental outcomes and who benefits from that investment (cost). Interviewees 
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repeatedly expressed they lacked information about the societal nature of conservation 
benefits: how an off-farm conservation benefit was defined and measured; who benefited 
from and experienced the off-farm environmental benefits; who was responsible for 
producing societal benefits, and how those individuals would be compensated; and the 
implications and tradeoffs of producing social benefits relative to commodity production. 
One interviewee shared, “Clean water is hard to get behind because we don’t know what it 
means and who is getting it? And is it clean?” In all, interviewees recognized the importance 
of conservation benefits but were concerned about a lack of information, certainty, and 
incentives to balance production with societal conservation interests.  
Wariness of Government Agencies, Regulatory Purview, and Use of Technology  
Nearly 45% of interviewees had experience with United States Department of 
Agriculture Natural Resource Conservation Service (USDA NRCS) conservation 
programming, the primary federal agency charged with current government conservation 
programming and likely integral to the establishment of a spatially targeted conservation 
approach. These interviewees reflected positively on the technical expertise and helpfulness 
of the individual field agents they worked with. One interviewee stated, “…they’re [NRCS] 
very helpful and the technical service is perfect, I mean our terrace layout and such, we are 
very happy with that.” Yet, they had institutional critiques of the NRCS as an agency. 
Interviewees with direct NRCS experience described a strained working relationship, which 
they attributed to a number of factors including: bureaucratic administrative hurdles, difficult 
communication between the agency and farmers, lack of transparency in programming (e.g., 
program information, rationale of programs and or program changes), access to biophysical 
data that supports their participation – particularly in reference to data supporting 
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conservation effectiveness, inefficiencies in program implementation (after a farmer signs on 
to participate), lack of expediency in getting BMPs implemented on farms, and finally, lack 
of consistency over time in terms of field assistance, payments, follow-up, monitoring and 
announcements regarding the timing of policy changes.  
With respect to administrative hurdles and a lack of expediency, one interviewee 
noted that, “It takes them a couple years [to get a program going] – and to me, when I want to 
do it, I want to be approved the following week or whatever – and they’ve got all of this 
rigmarole to go through.” One interviewee remarked on the inconsistencies of the NRCS, 
stating that NRCS officials, “…keep changing their minds on what they think works the best 
[in terms of BMPs].” and that because of this, he often feels like a “guinea pig” and, thus, 
that a particular practice might be unproven and possibly not in their best interests. Over 60% 
of interviewees perceived the NRCS to lack flexibility in prescribing programs and BMPs 
that could meet multiple goals (i.e., conservation and production) across time to account for 
uncertainties (and therefore risk) related to the climate and the market, and in the design of 
specific BMPs to match the heterogeneity of each individual farm – a reality that many felt 
could be remedied by NRCS agents taking a more active role in visiting each farm to gain 
on-site knowledge. Over half of interviewees directly stated that because of the 
aforementioned challenges, they have chosen not to work with the NRCS on various 
occasions. Finally, over 60% of interviewees noted a general lack of trust in government, 
especially the federal government, and a perception of the NRCS as a source of government 
overspending. One interviewee noted, “I don’t know if I’d want to get in bed with the 
government on a program…”, while another remarked, “Oh, the less you got to deal with the 
government, the better off you are…”  
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With respect to the technical act of spatially targeted conservation, over 65% of 
interviewees were comfortable with third-party entities (e.g., agency personnel, university 
research and extension) remotely accessing publicly available information (e.g., geospatial 
data and satellite images) about their farms. One interviewee stated simply, “I don’t have any 
problem with them [NRCS, other people] looking.” Interviewees noted that the information 
is and has been in the public realm, and that the opportunity to use the information to help 
farmers, for example via precision agriculture, was promising. Nevertheless, while 
interviewees expressed interest in the information being used as a tool for the farmer and the 
NRCS to help the farmer make better agronomic and environmental decisions, there were 
concerns that extended beyond practical application. Approximately 55% of interviewees 
noted concern that such data could or would be used by federal agencies or by non-
governmental entities to promote new environmental regulations and lead to a loss of 
independence and autonomy in decision making. One interviewee concerned about 
regulation stated, “If it’s to help us [the farmers] get better, then maybe it’s all right. If 
they’re going to use it to put restrictions on me as a landowner… um, I don’t know.” Other 
interviewees were more direct, stating, “…it’s our ground, not yours,” and “We have 
freedom to farm.” In general, interviewees in the Big Creek watershed expressed more 
concerned (relative to those in Squaw Creek watershed) about the government using 
available public information about their operations (i.e., aerial photographs, LiDAR) to make 
unsolicited management recommendations for their operations. It matters to interviewees 
how the information is used: if the information is used to prescribe BMPs in a regulatory 
context, interviewees were overwhelmingly opposed to its use.  
Challenges to Farmer-to-Farmer Cooperation  
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Despite expressed dislike of regulatory, top-down interventions by government 
agencies, one-third of interviewees expressed a lack of optimism regarding self-organization 
among farmers at watershed scales and cross-boundary cooperation for off-farm 
environmental benefits. Interviewees noted that on a personal level, typical farmer 
proclivities toward “independence” and “stubbornness” are barriers to the type of 
cooperation likely necessary for targeted conservation. Other common barriers to cooperation 
included perceived individual competition over available land and commodity markets, 
particularly in terms of bragging rights over high yields, and the struggle over access to land 
and finances. One interviewee stated:  
Even now where there's tiles that cross property lines, it may be hard to get two 
farms, either because the operators or the owners across a property line, to agree that tile 
needs to be fixed because of jealousies or ownerships or financial considerations...  
With respect to cooperation among farmers, interviewees in Squaw Creek watershed 
emphasized that local competition for farmland would be distinctly prohibitive to 
cooperation for conservation benefits. One interviewee used the term “cutthroat” to describe 
the competition for land, and noted that “…my neighbors are nearly non-existent right now 
cause it’s just everybody’s after every acre.” In Big Creek, the interpersonal and social 
context appeared to be different with many interviewees noting that they had worked with 
their neighbors recently to achieve greater production (i.e., installing tile, fixing drainage), 
but that they had never engaged to achieve environmental goals. On a more social level, 
interviewees noted that because rural areas are less populated and neighbors seemingly less 
connected, there is not a very strong rural “community” that could help promote this type of 
cooperation. One interviewee noted: 
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…you go back 50 years, 60 years, a little further, you used to have a farmer per about 
80 to 160 acres…well so, in a section of land you’d have maybe four, five, six 
farmers in that section. Well, they would exchange labor back and forth to get the 
crops in and out on a timely basis. Nowadays, that section could be farmed by one 
person. So, that’s one reason why you don’t have community anymore because what 
brought them together was the fact that they were all farmers. They all had a single 
goal in mind, basically. Now you might have four or five families living in that 
section, but none of them might be farmers. They might all be commuting to work in 
town. And, they don’t have the area [farming] to get together anymore. 
Reaction to Farm-specific Spatially Targeted Conservation Plans  
All 18 interviewees responded with neutral or negative feedback regarding the 
specific spatially targeted conservation plans designed for individual farms. As the field-
specific conservation plans targeted fields problematic in terms of erosion, run off, drainage 
where BMPs were not currently employed, the plans represented additional conservation 
management relative to the current farm operation. While there was some pushback 
regarding the need for additional conservation, much of the concern was related to concerns 
about field management complexity, cost, and the potential for additional risk (e.g., weeds, 
undesirable wildlife). Other concerns also reflected previously noted issues, and involved 
coordination with available government agencies and programs, as well as the loss of 
tradition (e.g., continuing to farm in the way of grandfather, father) or decision-making 
autonomy.   
Over 80% of interviewees noted management concerns regarding the BMP and/or 
row crops as the most problematic barrier to their ability to adopt suggested BMPs. 
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Interviewees described the time demanded, both in terms of total direct time required to 
appropriately manage a particular practice and the timing of certain management may be 
difficult. This was frequently associated with BMPs that have specific spring or fall 
requirements, such as cover crops and prairie strips, thus potentially conflicting with the 
timing of planting, harvest and other crop-related activities. Other concerns related to in-field 
crop management such as difficulties maneuvering farm equipment around complex, narrow, 
and intricate BMPs (e.g., contour buffers, prairie strips). Herbicide application was deemed 
particularly problematic because the changing application routine not only added cost 
(money and time), but also added additional risk; if the BMP was planted in native grasses 
and the sprayer equipment could not be correctly maneuvered, the BMP (and all concomitant 
expenses) could be lost. One interviewee noted, “One concern … is, the equipment is so 
wide, that when you have point rows and overlaps…it’s really nice to have things that ...work 
out in integral widths of a planter or a harvest unit or sprayer unit dimension…” Other 
management related concerns varied across certain BMPs and included: uncertainty 
associated with management (e.g., how to install and manage BMPs over time), the 
establishment of specific vegetation (e.g., establishing native grasses was a particular 
concern), additional labor to manage BMPs (e.g., buffers that require mowing or burning), 
and additional management of weeds and wildlife that the conservation practice may attract.  
Specific cost concerns varied by practice, but over 50% of interviewees expressed 
concerns related to costs. The estimated direct costs for each spatially targeted conservation 
plan was a barrier as were concomitant concerns regarding unaccounted for costs associated 
with production management complexity. This concern stood out for cattle producers 
because of additional infrastructure (e.g., fencing and pump systems to exclude cattle from 
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stream banks) and labor (e.g., labor required to rotationally graze cattle) was perceived to 
have high costs. Costs were also assessed relative to perceived farm-level benefits (or lack 
thereof). For example, one producer explained, with respect to cover crops that, “It’s all 
money without benefit,” because, in this case, the location of the cover crops would not 
permit cattle grazing of the cover crops. As a result, views on potential on-farm production 
benefits (or perceived lack thereof) seemed to outweigh any potential environmental benefits 
(on- and off-field); many of the practices were perceived to not make financial sense.  
Discussion 
We used an innovative, two-step approach to understand farmers’ and farmland 
owners’ beliefs about environmental benefits in the context of targeted conservation, wherein 
we used biophysical models to draw our sample by identifying fields with resource concerns 
and conducting two-stage interviews with farmers and farmland owners of those targeted 
fields that included a researcher-developed conservation plan. Similar to previous research 
(e.g., Arbuckle 2013), interviewed farmers and farmland owners expressed general approval 
of a spatially targeted conservation approach. However, participants expressed concerns 
when their fields were being targeted for specific conservation outcomes and BMP 
application. Future research examining farmer and farmland owner participation in spatially 
targeted conservation approaches may benefit from tailored, field-specific conservation plans 
designed to reveal participants’ specific perceptions, as opposed to broad beliefs and attitudes 
about spatially targeted conservation. Many of the concerns expressed by interviewees relate 
to previously demonstrated factors such as awareness, farmer capacity, and farm 
characteristics, as well as more broadly situated concerns related to agricultural markets and 
agricultural policy. As with other similar case studies (e.g., Kalcic et al. 2014), the discussion 
highlights opportunities to address some of the perceived barriers to spatially targeted 
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conservation; nonetheless care must be taken when generalizing our findings to broader 
populations or to other case studies (Firestone 1993; Polit and Beck 2010).    
Our findings suggest many farmer and farmland owners perceive that non-agricultural 
sources of diffuse, non-point source pollution, particularly those from urban residents, are the 
primary cause of surface water quality concerns. Overcoming the apparent agriculture/urban 
divide in farmer and farmland owner perception regarding the source of water quality 
impacts will be an important step for conservation planners to address. Despite evidence and 
scholarly consensus of the role of intensively managed, row-crop agricultural production in 
contributing nonpoint source pollution to surface waters (Alexander et al. 2008; David et al. 
2010; Smith et al. 2015), interviewees placed the majority of the responsibility for diffuse, 
nonpoint source nitrogen, phosphorus, and sediment contributions to surface water on urban 
and residential land use. Many of the prior studies that identify the sources of diffuse, 
nonpoint source pollution use large-scale models (e.g., SWAT) as opposed to monitoring 
data across large spatial and temporal scales because such data are simply not available. The 
lack of measured data may influence farmer /farmland owners’ perceptions on: (1) the 
remedial immediacy or even need in space and time to make changes in specific land use or 
management and/or (2) the degree of private responsibility an individual feels to ameliorate a 
public concern (Heinen 1992). These perceptions and lack of awareness often manifest as 
motivational barriers to farmers implementing specific BMPs as per field- to farm- to 
watershed-scale targeted conservation plans (Gillespie et al. 2007). Awareness of 
environmental quality and understanding how agriculture impacts environmental quality has 
been shown to impact conservation practice adoption (Prokopy et al. 2008), and this situation 
mirrors expressions by farmers in Kalcic et al. (2014), in which interviewed farmers voiced 
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concerns that fellow farmers do not believe their land contributes significantly to downstream 
problems and therefore do not identify a personal role in any spatially targeted conservation 
plan.  
Providing farmers with additional, spatially explicit information regarding the oft 
hidden impacts of their land use and management can influence farmers’ behavior relative to 
this skepticism about land management and its impacts. For example, as part of a watershed 
scale conservation stakeholder assessment performed for the Boone River in Central Iowa, 
Enloe et al. (2017) noted that farmers were more likely to remain engaged with conservation 
programs and to experiment with new practices when confidential field-scale personalized 
data, such as bioreactor or tile-line samples, stalk nitrate samples, and/or soil tests, were 
collected on farmers’ fields and shared with farmers. Farmers found the data useful for two 
reasons. First, it allowed farmers to more fully understand their personal contribution to off-
site water quality concerns and the potential effects of their BMPs. Second, it aided farmers 
in more precisely assessing their production management decisions relative to efficient 
nutrient use and production costs. How a soil and water conservation program is framed and 
the type of data that are featured in farmland owner outreach affects buy-in for spatially 
targeted approaches. 
Interviewees responded positively to the use of technology, geospatial data, and 
computer models and to guidance from the NRCS to facilitate the technical components of a 
spatially targeted conservation approach. Applying these tools and relationships to co-
identify areas of nutrient and sediment concern, viable BMPs, and on- and off-farm benefits 
could provide farmers and farmland owners with more information (e.g., areas with low 
productivity, high potential for environmental benefits) about the potential of their fields to 
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co-produce commodities and on- and off- farm environmental benefits. Importantly, BMP 
planning tools such as the Agricultural Conservation Planning Framework (Tomer et al. 
2013) and Right Practice, Right Place (McLellan et al. 2018) are designed to provide users 
with a coupled field-level and watershed-level view of biophysical risks for nutrient and 
sediment loss and BMP placement. These tools are presently being applied in the US Corn 
Belt, including locations in Iowa, Illinois, Minnesota, and Ohio, and could be useful in other 
agricultural regions, such as the Chesapeake Bay area on the East Coast of the United States. 
With technical guidance and on-farm site visits from resource managers (e.g., NRCS 
officials, land managers, non-profit advisors), this approach could provide educational 
information to farmers and farmland owners about the importance of their farm in co-
producing on- and off-farm environmental benefits and provide innovative opportunities for 
cooperation at watershed levels. 
The farmers/farmland owners in our study were variously using BMPs in their farm 
systems, but largely in the context of achieving private benefits such as maintaining soil 
health by minimizing soil erosion, and maximizing water management designed to enhance 
crop production. Off-farm benefits seemed to be of secondary consideration in the use of 
BMPs; for example, many practices that take land out of production or have somewhat 
limited crop production related benefits (e.g., wetlands, CRP) were the least utilized (Table 
1). This perception reflects challenges farmers face in reconciling profit maximization with 
stewardship goals.  
US Corn Belt state nutrient reduction strategies (e.g., Illinois, Iowa, Missouri) 
explicitly call for a targeted approach to conservation planning and implementation to 
achieve surface water quality improvements (Missouri Department of Natural Resources 
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2014; Illinois et al. 2015; Iowa Department of Agriculture and Land Stewardship et al. 2017). 
Our study, as well as others (e.g., Roesch-McNally et al. 2017; Wilson et al. 2014), suggests 
that a state's nutrient reduction strategy implementation programming and promotion of 
certain BMPs, particularly in the context of spatial targeting, would likely benefit by 
explicitly addressing the potential production-side benefits of BMP adoption in salient 
metrics such as income or cost savings along with biophysical outcomes. This has been part 
of the USDA NRCS’s strategy with its Soil Health Initiative. Starting in 2012, this initiative 
has encouraged farmers and farmland owners to maintain and enhance individual farm 
economics via healthy and productive soil resources, through the use of conservation BMPs. 
Supporting data such as the impact of increased soil organic matter or stable soil aggregate 
structure associated with the long-term use of cover crops remain scant, however, as the 
private, field-level economic effects of many BMPs are often difficult to quantify due to the 
frequently complex, long-term, biophysically emergent nature of benefits.  
Nonetheless, research and data are becoming available to inform decision making on 
the private economic or production benefits associated with BMPs (Plastina and Liu 2016).  
A potential challenge to this approach is that incentives for conservation that focus on private 
benefits (such as maintaining crop yields) have often been viewed as being too weak to 
broadly encourage use at watershed scales. For example, compensating expenses for yield 
loss due to erosion is usually a small fraction of overall production costs and is therefore 
discounted in context (e.g., Crosson 1986). Furthermore, the total private cost of factors that 
impact downstream water quality is typically considerably less than the total cost to the 
public due to water quality impairments. Thus, in the aggregate, to focus on the weakest 
incentive that tackles the lowest cost perspective may be counterproductive to the public 
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goals (and tax payer expense) of conservation policy (Crosson 1986). Nevertheless, due to 
recent advances in the availability of site-level data and enhanced decision support, the 
nature of the private benefit as incentive may be changing.  
More so than ever before, farmers can more precisely manage for field-level profit (as 
opposed to maximizing yield) and this profit management can be highly compatible with 
conservation management and BMP placement (Muth 2014; Brandes et al. 2016). That is, 
when possible, incorporating BMPs into consistently low-yielding portions of fields can 
often increase overall field profitability (Brandes et al. 2016). Thus, framing the use of BMPs 
as guided by spatial targeting around personalized, precision profit management, might 
contextualize spatial targeting in ways that mitigate the perceived benefit/cost imbalances 
articulated by farmers and farmland owners we interviewed and help farmers to reconcile 
goals of profitability and stewardship.  
Relative to the policy concerns mentioned above regarding incentives for private 
gain, an important finding was that interviewees desired direct and indirect incentives to 
signal that off-farm environmental benefits are as important as commodity production, and 
that they provide immediate economic return. Current government programming does 
provide direct incentives for many BMPs, but there are few alternative incentives that focus 
on new environmental outcome markets for farmers in Iowa and throughout the US. Corn 
Belt region. Still, innovative approaches such as water quality trading programs (Selman et 
al. 2009), payment for ecosystem service approaches (Wunder et al., 2008), and banking 
programs (Robertson 2006) have become increasingly common elsewhere in the US and 
globally (e.g., Greenhalgh and Selman 2012; Grima et al. 2016). These incentive programs 
provide market-based approaches to encourage the production of off-farm benefits, and have 
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the potential to financially incentivize the production of what would otherwise be non-
market, off-farm benefits by linking the producers of environmental benefits with users in a 
market-based exchange.  
The non-market nature of public benefits such as water quality is a classic economic 
policy conundrum and one that has confounded the development of effective voluntary 
conservation policy for decades (Wolf 1979). Research has shown, however, that farmers in 
the US have been reluctant to participate in many of these approaches, for reasons that are 
similar to issues highlighted in our study: specifically, due to lack of willingness to work 
with the government and desire for innovative and trusted third-party program administrators 
(Breetz et al. 2005). There are limitations to market-based incentive programs, primarily 
challenges related to the characteristics of off-farm environmental benefits (e.g., public goods 
that are non-rival and non-excludable) and the monitoring and measurement of off-farm 
benefits over time and space to ensure the conditionality of markets (Kroger and Casey 2007; 
Farley and Costanza 2010; Ribaudo and Gottlieb 2011).  
Still, these approaches may be promising in concept and practice. Environmental 
markets are best centered on explicit performance-based outcomes at appropriate scales as 
opposed to implicit outcomes tied to individual actions (e.g., current conservation programs 
such as EQIP and CRP help pay for conservation practices that implicitly provide 
environmental benefits); thus, counteracting the efficiency without optimality dilemma of 
public environmental policy (Secchi et al. 2008). Such market or quasi-market (e.g., nutrient 
trading) approaches shift the perspectives of participants by assigning property rights to 
outcomes that are “caused” by specific actions such that market exchange is possible among 
willing sellers and buyers (Kroger and Casey 2007). Environmental markets based on 
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performance outcomes will benefit from the same high-resolution data and tools used to 
spatially target conservation so that sellers and actions can more readily be identified 
(targeted fields, use of appropriate BMPs), market outcomes can be more fully characterized 
and measured (improved water quality at scale and over time), and environmental quality 
beneficiaries/ buyers can better weight their willingness to pay (Engel et al. 2008; Wortmann 
et al. 2008). It remains to be seen how these new spatial technologies and publicly available 
data will impact the emergence of environmental markets and supporting policy, but safe to 
suggest that natural resource agencies and policy makers are more informed than ever before 
to foster such outcomes (Secchi et al. 2008). 
Beyond the framing of personalized, spatially targeted conservation programming, 
farmers/farmland owners appear to have concerns about the current institutional structure of 
water quality management and guidance. Current conservation programming, under the 
direction of the USDA NRCS was perceived as cumbersome, inflexible, and overly 
bureaucratic by interviewees. This is concerning in the context of a spatially targeted 
conservation approach because of the inherent and expanded complexity of targeted 
conservation programming from a logistical standpoint (i.e., identification of fields with 
nutrient and sediment concerns, watershed-level and field-level conservation plans, contact 
with farmers and farm landowners of targeted fields, strategic implementation, etc.). Other 
agencies, non-governmental organizations, or institutions may be able to work in partnership 
with the NRCS to more effectively coordinate a spatially targeted conservation program. 
Research by Prokopy et al. (2014) suggests farmers are increasingly looking to agribusiness 
for advice about agricultural practices and strategies. Innovative partnerships between a 
variety of organizations (e.g., agribusiness/conservation non-profit/government agency) may 
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be effective at providing greater transparency, more diverse management advice, and 
improved on-site support and monitoring for conservation programming. These challenges 
warrant further exploration of innovative incentives and partnerships, including but not 
limited to market-based programs, to facilitate the co-production of on- and off-farm benefits 
in working landscapes like the US Corn Belt.  
Conclusions 
This qualitative study of central Iowa farmers’ and farmland owners’ attitudes, 
beliefs, and behaviors about conservation and managing for on- and off-farm environmental 
benefits provides insights for the development of spatially targeted conservation approaches. 
We found that farmers and farmland owners often recognized the importance of producing a 
diverse suite of on- and off-farm environmental benefits, but lacked the context, information, 
certainty, and incentives to manage for on- and off-farm benefits. Farmers and farmland 
owners perceived that non-agricultural sources of diffuse, nonpoint source pollution are the 
primary contributors to water quality issues, which suggests a need to develop and implement 
a large-scale monitoring network from which data could be collected, evaluated, and shared 
with stakeholders. Farmers and farmland owners also perceived challenges related to the 
cost, additional management complexity and potential problems, coordination with 
government programs, and loss of autonomy. Farmers and farmland owners in this study 
highlight some common challenges that policy and engagement programs may find useful in 
navigating a way toward more widespread-targeted approaches to conservation. For broad 
acceptance, a spatially targeted conservation approach would need to collaboratively develop 
partnerships to overcome administrative hurdles, including lack of expediency and flexibility, 
and general government distrust associated with current conservation programming. 
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Adaptive incentives, which reduce farm-level economic tradeoffs, could help meet individual 
needs and connect producers of environmental benefits to their users.  
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Appendix 
Table A3.1. Best management practices (BMPs) used in various conservation plans. This table shows the BMP 
and its associated USDA NRCS practice code, the purpose of the BMP, and basic cost parameters when 
available. For each BMP, the purpose draws from USDA NRCS practice standard information. Function and 
cost vary by site and depend on initial conditions, hydrology, soil, crop, practice design, and management 
characteristics. 
 
BMP (USDA 
NRCS Practice 
Code) 
Purpose  Basic Cost Parameters 
Contour Buffer 
Strips (Practice 
Code 322) 
Reduce sheet and rill erosion Site preparation; seed mix (usually 1-2 
different species); planting; mowing. 
Opportunity costs in the form of foregone 
land rent or crop revenue (Tyndall & Roesch, 
2014). 
Reduce water quality degradation for 
transport of sediment, nutrients, and other 
water born contaminants downslope 
Improve soil moisture management through 
increased water infiltration   
Cover Crops 
(Practice Code 
340) 
Reduce erosion from wind and water Seed costs (usually cereal rye or mix). 
Planting (aerial or broadcast). Termination 
(herbicide or mechanical). Opportunity costs 
from potential losses from effects on corn or 
bean yield. General extra management costs 
(e.g., walking fields, adjusting equipment, 
etc.; Tyndall & Bowman, 2016) 
Maintain or increase soil health and organic 
matter content 
Reduce water quality degradation by utilizing 
excessive soil nutrients  
Suppress excessive weed pressures and break 
pest cycles 
Improve soil moisture use efficiency  
Minimize soil compaction   
Denitrifying 
Bioreactor 
(Practice Code 
605) 
Improve water quality by reducing the nitrate 
content of subsurface agricultural drainage 
flow 
Design and planning; excavation; tile pipe, 
wood chip, and control gate purchase, 
installation and yearly 
adjustment/maintenance; site surface 
planting; seed mix (usually 1-2 species); 
annual grounds keeping, replacement costs at 
end of practice lifespan (Tyndall & Bowman, 
2016). 
Field Borders 
(Practice Code 
386)  
Reduce erosion from wind and water and 
reduce excessive sediment to surface waters  
Site preparation; seed mix (high diversity; 
multi-species: woody, shrubs), grasses; 
planting; trimming. Opportunity costs in the 
form of foregone land rent or crop revenue. Reduce sedimentation offsite and protect 
water quality and nutrients in surface and 
ground waters 
Provide food and cover for wildlife and 
pollinators or other beneficial organisms    
Reduce greenhouse gases and increase 
carbon storage    
Reduce emissions of particulate matter   
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Table A3.1. (continued) 
 
 
 
 
 
BMP (USDA 
NRCS Practice 
Code) 
Purpose  Basic Cost Parameters 
Grassed 
Waterway 
(Practice Code 
412) 
Convey runoff from terraces, diversions, or 
other water concentrations without causing 
erosion or flooding  
Site preparation; seed (usually brome grass); 
planting; mowing. Opportunity costs in the 
form of foregone land rent or crop revenue. 
Prevent gully formation 
Protect/improve water quality    
Nutrient 
Management 
(Practice Code 
590) 
Budget, supply, and conserve nutrients for 
plant production   
Minimize agricultural nonpoint source 
pollution of surface and groundwater 
resources   
Properly utilize manure, municipal and 
industrial biosolids, and other organic by-
products as plant nutrient sources    
Protect air quality by reducing odors, 
nitrogen emissions, and the formation of 
atmospheric particulates    
Maintain or improve the physical, chemical, 
and biological condition of soil    
Residue and 
Tillage 
Management, No 
Till (Practice 
Code 329) 
Reduce sheet, rill and wind erosion and 
excessive sediment in surface waters   
Reduce tillage-induced particulate emissions   
Maintain or increase soil health and organic 
matter content    
Increase plant-available moisture    
Reduce energy use    
Provide food and escape cover for wildlife    
Residue and 
Tillage 
Management, 
Reduced Till 
(Practice Code 
345) 
Reduce sheet, rill, and wind erosion and 
excessive sediment in surface waters 
  
 
Reduce tillage-induced particulate emissions   
Improve soil health and maintain or increase 
organic matter content    
Reduce energy use    
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Table A3.1. (continued) 
 
 
 
 
 
 
BMP (USDA 
NRCS Practice 
Code) 
Purpose  Basic Cost Parameters 
Riparian Forest 
Buffer (Practice 
Code 391) 
Create shade to lower or maintain water 
temperatures to improve habitat for aquatic 
organisms 
Site preparation; seed mix (high diversity; 
multi-species: woody); planting; mowing 
and/or periodic burning. Opportunity costs in 
the form of foregone land rent or crop 
revenue (Tyndall & Bowman, 2016). 
Create or improve riparian habitat and 
provide a source of detritus and large woody 
debris.  
  
Reduce excess amounts of sediment, organic 
material, nutrients and pesticides in surface 
runoff and reduce excess nutrients and other 
chemicals in shallow ground water flow   
Reduce pesticide drift entering the water 
body    
Restore riparian plant communities    
Increase carbon storage in plant biomass and 
soils    
Riparian 
Herbaceous 
Cover (Practice 
Code 390) 
Provide or improve food and cover for fish, 
wildlife and livestock 
Site preparation; seed mix (high diversity; 
multi-species: grasses); planting; mowing 
and/or periodic burning. Opportunity costs in 
the form of foregone land rent or crop 
revenue (Tyndall & Bowman, 2016). 
 
Improve and maintain water quality 
 
Establish and maintain habitat corridors  
Increase water storage on floodplains 
Reduce erosion and improve stability to 
stream banks and shorelines  
Increase net carbon storage in biomass and 
soil    
Enhance pollen, nectar, and nesting habitat 
for pollinators    
Restore, improve or maintain the desired 
plant communities    
Dissipate stream energy and trap sediment    
Enhance stream bank protection as part of 
stream bank soil bioengineering practices    
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Table A3.1. (continued) 
BMP (USDA 
NRCS Practice 
Code) 
Purpose  Basic Cost Parameters 
Streambank and 
Shoreline 
Protection 
(Practice Code 
580) 
To prevent the loss of land or damage to land 
uses, or facilities adjacent to the banks of 
streams or constructed channels, shoreline of 
lakes, reservoirs, or estuaries including the 
protection of known historical, archeological, 
and traditional cultural properties 
Site planning, design, engineering and 
preparation; earthmoving and soil movement; 
biological or structural stabilization 
structures; management associated with 
biological stabilization (planting, mowing, 
etc.). Opportunity costs in the form of 
foregone land rent or crop revenue.  
To maintain the flow capacity of streams or 
channels 
  
Reduce the offsite or downstream effects of 
sediment resulting from bank erosion 
  
To improve or enhance the stream corridor 
for fish and wildlife habitat, aesthetics, or 
recreation   
Terrace (Practice 
Code 600) 
Reduce erosion and trap sediment Site preparation (including earth moving and 
planting bed prep); seed mix (usually 1-2 
different species); planting; mowing. 
Opportunity costs in the form of foregone 
land rent or crop revenue (Tyndall & Roesch 
2014). 
Retain runoff for moisture conservation 
  
  
Wetland 
Restoration 
(Practice Code 
657) 
To restore wetland function, value, habitat, 
diversity, and capacity to approximation of 
the predisturbance conditions  
Site planning, design, engineering and 
preparation; excavation and soil movement; 
planting; seed costs (wetlands mix), tile 
redirection. Opportunity costs for foregone  
  
To restore conditions conducive to hydric sol 
maintenances  
land rent or crop revenue (Tyndall & 
Bowman, 2016).  
  To restore wetland hydrology   
  To restore native hydrophytic vegetation    
  To restore original fish and wildlife habitats    
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Table A3.2. Interview questions related to general management and current BMPs. This table shows the general 
perception that the interview question was designed to elucidate, the background information provided to the 
interviewee, and the interview question asked by the interviewer. This table refers to content from the first of 
two interviews. 
 
Perception  Background Information  Interview Questions  
General management and 
conservation practices  
The management information 
will be used to inform a 
scenario designed to target 
specific parts of your field with 
conservation practices (e.g., no-
till, cover crops, wood chip 
reactor, vegetative buffer strips, 
etc.) to minimize nutrient and 
soil loss while maximizing 
other benefits from the field.  
Please tell me a bit about your history with this field. 
How long have you farmed this field, and do you rent 
or own this field?  
  
With respect to conservation practices, what is 
working well? What conservation practices have been 
employed on this field now or previously?  
  
Do you have any concerns for this field? Are there 
parts of this field with poor production? Do you have 
any thoughts as to why that might be? Are there 
erosion concerns for this field?  
    
Outside of this field, do you have any similar 
conservation elsewhere on your farm? 
    
Outside of your farm, can you think of any 
conservation concerns elsewhere in the watershed? 
    
Is there anything else you would like to mention about 
that field, your farm, or the watershed? 
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Table A3.3. Interview questions related to hypothetical spatially targeted conservation plans, multiple 
environmental benefits, coordination and cooperation, and the process of spatially targeted conservation. This 
table shows the general perception that the interview question was designed to elucidate, the background 
information provided to the interviewee, and the interview question asked by the interviewer. This table refers 
to content from the second of two interviews. 
 
Perception  Background Information  Interview Questions  
Scenario-specific 
reactions  
This scenario is designed to specifically target 
areas within the field based on GIS, aerial 
images, and farmer knowledge to integrate 
conservation practices that will minimize soil 
loss, maximize other benefits from the field, 
and minimize the land taken out of production. 
What is your overall reaction to the management plan that 
was designed based on a targeted approach at the field-
level? 
    
Do you have practice-specific reactions to the 
management plan? 
Managing for 
multiple benefits  
Building on the on-farm benefits of the 
practices that are outlined in the management 
plan, one of the key tenants of targeted 
conservation is that if enough land owners and 
farmers employed these practices, then several 
off-farm benefits such as recreation, wildlife 
habitat, water quality, etc. may also be 
provided. 
What are your thoughts on the idea of managing for 
benefits (e.g., recreation, agrotourism, wildlife habitat, 
water quality) at multiple levels? 
    
What are your thoughts in light of probable regulatory 
initiatives in the future? How do you think something like 
this would be possible on a voluntary basis? 
Cross-boundary 
coordination & 
cooperation  
In order to achieve the regional benefits 
discussed above, Iowa's land owners and 
farmers are likely going to have to cooperate 
and coordinate their conservation efforts.   
What are your thoughts on the potential for groups of 
farmers working together toward public goals? 
    
What is missing (incentives, block grants, etc.) to getting 
farmers to work together to achieve these goals? 
    
If such a thing were to happen, it would have to be 
coordinated, likely be the NRCS or some agency.  What 
are your thoughts on being approached by someone trying 
to coordinate regional efforts? 
Spatial targeting  Targeting is using things like GIS, satellite 
images, farmer knowledge, and precision 
agriculture techniques such as yield maps, in 
order strategically place conservation practices 
so that the farmer can manage form multiple 
benefits while taking the least amount of land 
out of production.  
How do you feel about someone like me accessing 
information about your farm and thinking about 
conservation concerns on your farm? 
    
How would you feel if you were contacted by an agency 
or non-profit that approached you and said they had been 
looking at this sort of information about your farm? 
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CHAPTER 4. USING SPATIALLY TARGETED CONSERVATION TO EVALUATE 
NITROGEN REDUCTION AND ECONOMIC OPPORTUNITIES FOR BEST 
MANAGEMENT PRACTICE PLACEMENT 
Paper under review, Environmental Management  
Emily K Zimmerman, John C. Tyndall, Lisa A. Schulte 
Abstract 
The US Cornbelt leads the nation in the production of intensively-managed, row-crop 
corn and soybeans. While highly productive, agricultural management in the region is often 
linked with nonpoint source nutrient pollution that negatively impacts water quality. 
Presently, conservation programs designed to install best management practices (BMPs) to 
mitigate agricultural nonpoint source pollution have not been targeted to those areas of the 
landscape that contribute disproportionately to surface water quality concerns. We used an 
innovative spatially targeted conservation protocol coupled with a GIS-based landscape 
planning tool to evaluate the cost and effect on water quality from nitrate loss under 
alternative landscape scenarios in an Iowa watershed. Outputs indicate large reductions in 
watershed-level nitrate-nitrogen (hereafter nitrate) loss could be achieved through 
coordinated placement of BMPs on high-contributing parcels with limited reduction of 
cultivated land, resulting in improved surface water quality at relatively low economic costs. 
For example, one scenario, which added wetlands, cover crops, and saturated buffers in the 
watershed, required the removal of less than 5% of cultivated area to reduce nitrate loss by an 
estimated 49%, exceeding the Iowa Nutrient Reduction Strategy goal for enhancing water 
quality. Annualized establishment and management costs of landscape scenarios that met the 
nonpoint source nitrogen reduction goal varied from $3.16 to $3.19 million (2017 USD). 
These results support our hypothesis that water quality can be improved by targeting high-
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contributing parcels, and highlights the potential to minimize tradeoffs by coupling targeted 
conservation and planning tools to help stakeholders achieve water quality outcomes within 
agricultural landscapes. 
Introduction 
Land cover in the United States (US) Cornbelt region is dominated by row crops, 
primarily corn and soybean (USDA NASS 2017). Collectively in 2017, the market value of 
corn and soybeans produced in US Cornbelt states was nearly 96 billion USD (USDA NASS 
2017). Across millions of individual farm fields, the US Cornbelt has been designed, 
constructed, and managed for the production of these low cost, high-value commodities – 
yet, obtaining the highest yields at the lowest cost at field scales often compromises 
landscape-scale ecosystem services, such as maintaining water quality for downstream uses. 
Extensive annual cropping systems, tillage, and artificial subsurface drainage, along with 
application of synthetic nitrogen, combine in ways that lead to large nitrate-nitrogen 
(hereafter nitrate) contributions to surface water in the Mississippi River Basin (Schilling and 
Libra 2000; Petrolia and Gowda 2006; Jones et al. 2018).  Excess nitrate in surface water is 
problematic for several reasons. First, nitrate in excess of the United States Environmental 
Protection Agency (USEPA) drinking water standard of 10 mg/L is a human health hazard 
because it can cause infantile methemoglobinemia (Comly 1945; Johnson et al. 1990) and 
has been associated with other human health risks, including cancer (Weyer et al. 2001). 
Excess nitrate in surface water can also be ecologically damaging, leading to local 
eutrophication and regional hypoxia zones (Alexander et al. 2008; Conley et al. 2009). For 
example, excess nitrate from the US Cornbelt Mississippi River Basin has contributed to the 
annual development of the Gulf of Mexico hypoxic zone (Alexander et al. 2008), the largest 
of which was recorded during the summer of 2017 (USGS 2017).  
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In response to local and regional water quality impacts, the Mississippi River Gulf of 
Mexico Watershed Nutrient Task Force created the Gulf of Mexico Hypoxia Action Plan in 
2008 to address the issue (Mississippi River Gulf of Mexico Watershed Nutrient Task Force 
2008). The goal of the Gulf of Mexico Hypoxia Action Plan is to advance technology and 
policy designed to reduce the amount of nitrogen reaching the Gulf of Mexico by 45% with 
the stated goal of reducing the size of the hypoxic zone to less than 3,219 km2 
(MRGMWNTF 2008). To accomplish this goal, the Action Plan articulated that US Cornbelt 
states develop state-level nutrient reduction strategies (MRGMWNTF 2008). In accordance 
with this directive, the Iowa Nutrient Reduction Strategy (Iowa NRS) was released in 2013 
with the goal of reducing nutrients in surface water from both point and nonpoint sources in a 
scientific, reasonable and cost-effective manner (IDALS et al. 2017). The Iowa NRS calls for 
a reduction in nonpoint source nitrogen pollution of 41% (IDALS et al. 2017). To meet this 
reduction goal, the Iowa NRS recommends that combinations of in-field, edge-of-field, and 
downstream best management practices (BMPs; e.g., nutrient management, cover crops, 
filter strips, buffers, wetlands, perennials, etc.) be strategically placed using spatially targeted 
conservation approaches (Iowa Department of Agriculture and Land Stewardship, Iowa 
Department of Natural Resources, and Iowa State College of Agriculture and Life Sciences 
2017).  
Concern about hypoxic zones is not limited to states in the Mississippi River Basin or 
the United States; over the past 60 years, hypoxic zones in coastal regions have increased 
exponentially (Diaz and Rosenberg 2008; Rabalais et al. 2010; Conley et al. 2011; 
Rabotyagov et al. 2014). There are now more than 511 coastal hypoxic zones globally 
(Conley et al. 2011). Coastal hypoxic sites can be found on all continents, with the exception 
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of Antarctica, and are increasingly affecting ecosystem function in new locations such as in 
the Baltic Sea (Conley et al. 2011). Globally, anthropogenic causes of hypoxic zones are 
often closely associated with agricultural watersheds that export high amounts of nutrients 
(i.e., nitrogen and phosphorus; Rabalais et al. 2010). Developing policies and tools to aid 
scientists and ecosystem managers to reduce nutrient export to coastal hypoxic zones 
provides an opportunity to enhance valuable ecosystem services (e.g., Turner et al. 1999).   
Spatially targeted conservation is a coordinated approach to implementing select 
BMPs on specific fields identified as being significant contributors to nutrient loads within a 
watershed due to a combination of land management practices (e.g., cropping system, tillage, 
synthetic fertilizer) and biophysical vulnerabilities associated with soil, slope, and proximity 
to stream (Berry et al. 2005; Secchi et al. 2008). BMPs, particularly those with diverse, 
perennial plant communities, may also provide other environmental benefits in addition to 
nutrient retention, such as non-game wildlife habitat, pollinator resources, etc. (e.g., Schulte 
et al. 2017). Spatially-targeted conservation approaches make use of state-of-the-art 
geospatial planning tools (e.g., Agricultural Conservation Planning Framework Toolbox – 
ACPF) and/or hydrologic models, (e.g., Agricultural Policy Environmental eXtender – 
APEX) to provide a complete picture of nutrient transport on the landscape across large 
spatial extents. The geospatial findings from these tools can be combined with conservation 
management frameworks that aid in identifying a suite of opportunities for the application of 
effective, suitable, and practical BMPs at the lowest cost for landowners (e.g., Tomer et al. 
2013; McLellan et al. 2018).  
Prior research has demonstrated that states have historically lagged in attaining water 
quality goals specifically because BMP application to date has not been spatially targeted to 
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critical sources and/or pathways of contamination nor applied in accordance with watershed-
scale hydrologic considerations (Tomer and Locke 2011). Fortunately, the technical capacity 
for land management agencies and/or watershed-level entities and allied stakeholders to 
spatially target BMPs based on high resolution geospatial analysis is steadily increasing (e.g., 
Walter et al. 2007; Schilling and Wolter 2009; White et al. 2014; Tomer et al. 2015). Yet 
comprehensively tracking the cost of BMP application has been a challenge largely because 
up-to-date data regarding the direct and potential opportunity costs of BMP use is lacking 
(Tyndall and Roesch 2014). Inadequate cost information, commensurate financial support, 
and limited decision support have contributed to constraints on landowner adoption of BMPs 
(Lemke et al. 2010; Tyndall and Roesch 2014; Arbuckle and Roesch 2015; Zimmerman et al. 
Accepted). The direct and opportunity costs associated with individual BMPs in Iowa alone 
can be significant, and when applied at watershed scales total costs have been roughly 
estimated to be in the hundreds of millions of dollars annually (e.g., Robotyagov et al. 2014). 
Compared to previous Federal farm bill legislation, the 2014 farm bill significantly reduced 
total conservation funding and limited the total number of programs that support technical 
service and conservation planning relevant to BMP application (Classen 2014). Thus, state-
level nutrient reduction strategies will need to be operationalized with cost-effectiveness 
(e.g., highest environmental gain per dollar spent) as a central component of comparing and 
selecting implementation strategies (Classen and Ribaudo 2016). This type of combined 
hydrologic and cost information is required to more accurately guide understanding of 
conservation funding needs, and provide policy-oriented technical information required for 
cost- and outcome-effective implementation of nutrient reduction strategies at regional scales 
(Duke et al. 2013).  
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In an effort to strengthen the implementation of nutrient reduction strategies, the 
purpose of this research was to demonstrate a spatially targeted conservation approach in the 
Upper Big Creek watershed of central Iowa, USA. We use the Agricultural Conservation 
Planning Framework Toolbox (ACPF), an innovative tool developed by the United States 
Department of Agriculture (USDA) designed to guide spatially targeted conservation 
planning, to assess biophysical and economic opportunities for strategic placement of BMPs. 
We specifically sought to build on the current ACPF by developing new methods to identify 
areas at high risk for nitrate leaching associated with artificial subsurface drainage and for 
low opportunity costs (i.e., direct costs and forgone income associated with removing land 
from cultivation to implement BMPs). We applied these new methods to demonstrate the 
novel use of the ACPF to examine nitrate reduction and costs associated with watershed-
scale applications of three BMPs: cover crops, saturated buffers, and reconstructed wetlands, 
which respectively address in-field, edge-of-field, and downstream placement of practices 
within watersheds.       
Methods 
Study Location  
Big Creek watershed is composed of two adjacent HUC 12 watersheds, which extend 
20,218 ha across the Des Moines Lobe in central Iowa (Fig. 4.1A): HUC 071000040801 
(hereafter, East Big Creek) and HUC 071000040802 (hereafter, West Big Creek). The 
topography of the Des Moines Lobe is characterized by low-relief landscapes covered by 
rich, loamy glacial till (Prior 1991). Historically, the watersheds were composed of highly 
diverse prairie, savanna, and deciduous forest communities. Today, approximately 95% of 
the Upper Big Creek watershed is dedicated to agricultural production. Approximately 96% 
of agricultural lands are dedicated to crops and 4% of agricultural land is pasture. Cattle 
95 
production is prevalent in pastures along stream reaches (Fig. 4.1B). There are an estimated 
530 cattle and 10,862 hogs in confinement in the watershed (Graham 2011). Homesteads and 
developed areas account for 3.5% of the total landscape in the watershed.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.1. A, Des Moines Lobe geological formation (striped), Big Creek watershed (brown), and the Des 
Moines metropolitan area (yellow) within Iowa, USA. B, By-parcel land use in Big Creek watershed. Parcel 
data originated from the publicly available Common Land Unit data from 2006. The data layer was updated in 
2013 by the USDA ARS to reflect changes in parcels. Land use data from 2014 was extracted from USDA 
NASS Cropland Data Layers and aggregated by USDA-ARS. State Park and Wildlife Management Areas are 
from the Conservation and Recreation Lands in Iowa dataset published by the Iowa Department of Natural 
Resources in 2012. City data are from the Incorporated Cities dataset published by the Iowa Department of 
Natural Resources in 2010 and are shown only for reference.  
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Big Creek watershed is drained by two major streams that discharge into Big Creek 
Lake. The 306-ha lake is surrounded by a 607-ha State Park and an 830-ha Wildlife 
Management Area. Located just 32 km north of the Des Moines metropolitan area, Big Creek 
State Park receives approximately 720,000 visits per year, which contribute over $40 million 
to the local economy (Otto et al. 2012). Together, Big Creek State Park and the Wildlife 
Management Area provide important amenities to their visitors, including a 1.4-ha swimming 
beach, a marina, and several boat ramps. In addition to its recreational value, water from Big 
Creek Lake drains into Saylorville Lake, a reservoir located on the Des Moines River, 
through the Big Creek Spillway. The Des Moines River is one of two primary surface water 
sources for 500,000 water consumers in the Des Moines metropolitan area. The proximity of 
Big Creek State Park to Des Moines, coupled with its amenities, make the location a valuable 
recreational resource for swimming, boating, and fishing and an important drinking water 
resource in central Iowa.  
Big Creek Lake was listed on the USEPA 303(d) List of Impaired Waters in 2006 for 
levels of pathogen indicator bacteria in excess of Iowa’s Water Quality Standards (WQS) and 
in 2016 for levels of cyanobacteria in excess of Iowa’s WQS (Iowa Department of Natural 
Resources 2016). In 2011, a Watershed Quality Improvement Plan (WQIP) and a Total 
Maximum Daily Load (TMDL) were completed for high concentrations of the pathogen 
indicator bacteria Escherichia coli (E. coli) to restore the designated use of the waterbody 
(Graham 2011). The pathogen indicator bacteria, E. coli, can be attributed to wildlife, 
livestock manure, and poorly functioning septic systems in the watershed (Graham 2011). In 
addition to cyanobacteria and E. coli, the Des Moines Water Works, the public utility 
charged with providing water to 500,000 consumers, has experienced difficulties removing 
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excess nitrate pollution from surface water sources. During 2014 and 2015, nitrate was 
observed at levels two to three times the EPA drinking water standard of 10 mg L-1 nitrate in 
the Des Moines River watershed and its tributaries (Iowa Water Quality Information System 
2019; Iowa Department of Natural Resources 2019). Because of these recreation, aquatic life, 
and drinking water concerns, the watershed has been the focus of ongoing research related to 
declining environmental quality and subsequent loss of ecosystem services, primarily of 
water quality related to drinking water, recreational, and aquatic uses.   
Landscape Planning Model: Agricultural Conservation Planning Framework (ACPF)  
 The Agricultural Conservation Planning Framework (ACPF) is a relatively easy to 
use GIS-based planning tool designed to provide resource agencies, technical advisors, and 
farmers with comprehensive information required to target conservation and production 
opportunities at field and watershed scales (Tomer et al. 2013; Tomer et al. 2015; Tomer et 
al. 2015a). The planning tool systematically assesses the watershed at the field-level and 
indicates locations throughout the watershed where specific BMPs would be most 
appropriate and where opportunities may exist to reduce nutrient and sediment loss (Tomer et 
al. 2013). BMPs included in the toolbox version used in this study are drainage management, 
grassed waterways, contour buffer strips, water and sediment control basins, nutrient removal 
wetlands, and riparian management. While the ACPF does not include all potential BMPs 
(e.g., two-stage drainage ditches, living mulches, etc.), it is designed specifically for small, 
HUC 12 watersheds, has been applied in the US Cornbelt (e.g., Tomer et al. 2015), and is 
structurally and quantitatively suitable for the unique challenges (e.g., subsurface drainage, 
intensive management, etc.) of an agricultural landscape specific to the US Cornbelt (Tomer 
et al. 2013; Tomer et al. 2015). ACPF uses a three-step process: (1) stream network 
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development, (2) field characterization, and (3) precision BMP siting (Fig. 4.2, Tomer et al. 
2013). We used ACPF V1_beta, released in summer 2015 for this research.  
 
 
 
 
 
 
 
Figure 4.2. Simplified schematic of Agricultural Conservation Planning Framework (ACPF; Tomer et al. 
2013). 
 
Geospatial Data 
 We used geospatial data to identify biophysical and economic opportunities for 
strategic placement of BMPs. Base data layers were generated and aggregated by the USDA 
Agricultural Research Service (ARS; Porter et al. 2015; Tomer et al. 2017) and downloaded 
for Big Creek watershed. Primary input data layers used were: (1) watershed boundary layer; 
(2) field boundary layer; (3) soil data layer and tables; (4) land cover data layers and tables; 
and (5) digital elevation model (DEM) layer. The watershed boundary layer is a polygon data 
layer derived from the United States Geological Survey (USGS) National Hydrography 
Dataset (NHD). The field boundaries layer is a polygon data layer of agricultural field 
boundaries that were manually updated from publicly available 2005 USDA Farm Service 
Agency (FSA) data. The soils data layer is a raster data layer derived from the USDA Natural 
Resource Conservation Service (NRCS) gridded gSSURGO database. Customized tables 
containing data on surface horizon, surface texture, and soil profile data are provided 
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alongside the soils data layer. The land cover data layers are raster USDA National 
Agricultural Statistics Service (NASS) Cropland Data Layers for the six most recent years 
(2009-2014). The resolution of the Cropland Data Layers are 56 m x 56 m. Customized 
tables containing information on the majority crop and crop history over the six years are 
provided alongside the land cover data layers (Tomer et al. 2017). An unfilled, LiDAR-
derived digital elevation map (DEM) with 3-m horizontal resolution was also provided by 
USDA ARS. Available base data layers can be downloaded from 
https://www.nrrig.mwa.ars.usda.gov/st40_huc/dwnldACPF.html. Base data layers were used 
as inputs for the ACPF, and for developing a spatial targeting protocol for nitrate and 
opportunity cost.  
Spatial Targeting for Nitrate and Opportunity Cost 
We identified areas of the agricultural landscape at high risk for nitrate leaching 
associated with artificial subsurface drainage, and for low opportunity costs. Opportunity 
costs account both for the direct costs associated with BMPs (e.g., planting and terminating 
cover crops, wetland construction) as well as forgone income associated with removing land 
from cultivation to implement BMPs (e.g., wetlands, buffers). We developed methodology 
for prioritizing areas of the agricultural landscape at high risk for nitrate leaching and for 
relatively low land-use costs for BMP implementation of practices that require removing land 
from cultivation. To first identify areas of the landscape at high risk for nitrate leaching, we 
used the soils data associated with the gSSURGO data provided by the USDA ARS to 
quantify the proportion of each field classified as dual drainage (classification B/D). A dual 
drainage classification refers to fields that have moderate infiltration when artificial 
subsurface tile drainage is installed. We used soils data to infer artificial subsurface drainage 
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because tile drainage maps are not available for this watershed. For nitrate loss, proportion of 
dual drainage values were classified into a high, medium, or low classification consistent 
with ACPF structure for evaluating runoff risk (Tomer et al. 2013). In this case study, fields 
were categorized into three nitrate leaching risk bins using a 40:40:20 split - high, medium, 
and low – based on their individual risk values.  
We used a binning process to identify areas of priority in the landscape, meaning 
fields where conservation opportunities are greatest for reducing the largest amount of nitrate 
loss. Consequently, changing the binning classification proportions will influence the 
proportion of fields that are given high, medium, and low priority. This provides flexibility in 
the spatial targeting protocol, and should be adjusted based on watershed characteristics and 
user/stakeholder interests. In this case study, fewer fields were classified in the low category 
because the Des Moines Lobe has limited topographic relief and fertile, yet poorly drained 
soils. This makes this region particularly susceptible to nitrate loss via artificial subsurface 
drainage. In addition, this case study was focused on identifying fields in a HUC-12 
watershed because watershed improvement efforts are frequently targeted at the HUC-12 
scale (e.g., National Water Quality Initiative), and conservation has to be operationalized at 
the field level (i.e., BMPs are installed in specific fields).  
To identify and prioritize areas of the landscape with low opportunity costs for 
potential BMP placement, we calculated area-weighted opportunity costs based on Corn 
Suitability Rating (CSR) by soil units in the gSSURGO soil database. The CSR is a point-
based, indexing approach unique to the state of Iowa used to measure potential soil 
productivity relative to expected corn yields based on soil profile, slope characteristics and 
weather conditions; CSR is also used to set land rental rates in Iowa. In Iowa, CSR varies 
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from 5-100 points, with 100 points indicating a soil most ideal for producing corn. In each 
field, for each soil unit, we multiplied the CSR of each soil unit by the area occupied by that 
soil unit. We summed those values and divided the summation by the area to quantify the 
area-weighted CSR for each field. We used 2009-2014 cash rental rates, adjusted for 
inflation to 2017 dollars, for Boone County (Iowa State University Extension and Outreach 
2014) to calculate rental rate per CSR by dividing the average per hectare cash rental rate for 
Boone County ($617.27) by the average CSR for Boone County (83). The rental rate per 
CSR point ($7.43) was multiplied by the area-weighted CSR for each field to quantify by-
field opportunity costs. We chose to use data on cash rental rates from 2009-2014 to match 
the years used to develop the general land cover data layer in the model. Field-based 
opportunity costs were classified into a high, medium, or low classification using a 40:40:20 
split. Thus, fields were categorized into three opportunity cost bins - high, medium, and low 
– based on their individual cost values similarly to nitrate risk. Similar to nitrate, the binning 
process for opportunity costs was also skewed high to reflect the highly productive soils 
associated with central Iowa. In regions with greater soil variability, and potentially greater 
variability in production, the binning could be altered to classify fewer fields with high 
opportunity costs. In addition, while land rental rates in Iowa have been somewhat volatile 
and have been trending downward, we expect relative classifications/rankings to remain the 
same across time because they are based on soil capability for crop production.  
To integrate nitrate leaching risk and opportunity costs for potential BMP placement, 
we created a simple matrix designed to evaluate these risks to prioritize areas of the 
agricultural landscape where BMPs will provide the largest biophysical difference (Fig. 4.3).  
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Figure 4.3. Nitrate leaching risk (columns) combined with opportunity costs to prioritize nitrate leaching and 
opportunity costs, allowing for by-field prioritization based on biophysical vulnerability and cost. In the matrix, 
numbers correspond with by-field prioritization order, where a number one indicates low costs and high 
vulnerability for nitrate leaching and a number five indicates high costs and low biophysical vulnerability. In a 
prioritization protocol, fields classified with a number one would be highest priority while fields classified with 
a number five would be lowest priority. 
 
Development of Spatially-Targeted Best Management Practices  
 We used the ACPF specifically to site BMPs designed to reduce nitrate loss, and as 
part of a secondary analysis opportunity costs, to site three BMPs designed to address nitrate 
loss at in-field, edge-of-field and downstream positions: saturated buffers, nutrient removal 
wetlands, and cover crops. These practices were chosen for this study because they reduce 
losses of nitrate, phosphorus, and sediment to surface water, are representative of in-field, 
edge-of-field, and downstream BMPs, and have been strongly promoted as part of the Iowa 
NRS (Iowa Department of Agriculture and Land Stewardship, Iowa Department of Natural 
Resources, and Iowa State College of Agriculture and Life Sciences 2017a). Saturated 
buffers have been shown to remove nitrate carried in artificial subsurface drainage (Jaynes 
and Isenhart 2014). Saturated buffers divert tile-drained, nitrate laden water into the soil 
profile beneath riparian buffers. This raises the water table, providing an anaerobic, organic 
matter rich medium for denitrification to occur. Nutrient removal wetlands have been shown 
to reduce nitrate (Helmers et al. 2008) by creating residence times and anaerobic conditions 
favorable to denitrification. These BMPs have also been shown to reduce phosphorus loss 
and E. coli to surface water by stabilizing the soil surface to prevent wind and water erosion 
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detachment and transport of sediment and sediment-bound nutrients and contaminants and by 
trapping and retaining transported sediment and sediment-bound nutrients and contaminants 
(Lee et al. 2000; Dinnes 2004; Knox et al. 2008). Cover crops have been shown to reduce 
nitrate export (Kaspar et al. 2007; Kaspar et al. 2012) because they are growing on the 
landscape and using water-soluble nitrate during fall, winter, and spring when corn and 
soybean crops are not present to use nitrate. 
 We used ACPF to site saturated buffers and nutrient removal wetlands within East 
and West Big Creek watersheds. Similar to Tomer et al. (2015), we developed a method to 
site saturated buffers in locations adjacent to a perennial stream reach receiving a low amount 
of runoff, with a high water table, and where at least 50% of the soil had an organic matter 
content greater than 4%. The amount of runoff and the water table level classifications are 
calculated and assigned categorical values using the ACPF riparian function assessment 
(RAP) tool (Porter et al. 2015). Using the ACPF riparian buffer tool, saturated buffers were 
placed in 250 m-long, RAPs along perennial stream reaches, which met the above criteria. 
The area of each of each of the saturated buffers was calculated by multiplying the length of 
the saturated buffer adjacent to the stream by 30 m to represent the width of the associated 
grassed riparian buffer. Belt et al. (2014) demonstrated that buffers with widths greater than 
30 m had diminishing effects on nitrate treatment; nonetheless, we recognize that this 
assumption is nondynamic, and in practice variable-width buffers would need to be based on 
site-specific flow patterns and stream morphology (Dosskey et al. 2005). The present version 
of the ACPF saturated buffer tool (version 3) is much more sophisticated, and accounts for 
many of these site-specific components that this early exercise does not. Grassed riparian 
buffers and saturated buffers were assumed to be constructed simultaneously (i.e., no grassed 
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riparian buffer was assumed to be present prior to the saturated buffer; the land was assumed 
to be cropped). Key parameters for sited wetlands were: (1) depressional areas with a 
drainage range of > 60 ha – maximum watershed drainage where a wetland could be sited; 
(2) an impoundment height of 0.9 m measured from the top of the bank; (3) a buffer height of 
1.5 m measured from the top of the wetland pool; (4) a pooled area/drainage area ratio of 0.5-
2; and (5) a buffer area/pooled area ratio < 4.0. The ACPF searched suitable locations and 
returned possible wetland locations for consideration. To site wetlands, the ACPF generates 
potential impoundment locations along flow pathways (Porter et al. 2015). Potential locations 
are sorted by contributing area, and at each location an impoundment simulated in the DEM, 
creating a wetland and wetland buffer above the impoundment (Porter et al. 2015). The key 
parameters listed above are evaluated, and if the wetland meets those suitability criteria, it is 
added to the feature class output for selection in the scenario (Porter et al. 2015). The 
location of wetlands and saturated buffers was drainage-ownership independent. Cover crops 
were considered suitable on any hectares that had a general land cover of corn followed by 
corn and corn/soybean rotation. Based on spatial targeting and prioritization of fields and 
areas identified using the ACPF and biophysical data, alternative landscape scenarios were 
created using the three BMPs described above.  
Evaluating Nitrate Reduction and Costs  
Nitrate reduction from installing BMPs in alternative landscape scenarios were 
evaluated using the spreadsheet method described by Tomer et al. (2015). This approach 
assumes that stacked BMPs will have a multiplicative effect on nitrate reduction (Lazarus et 
al. 2014). Each field was represented in the spreadsheet as a row. Columns were used to 
represent the proportion, or relative size, of each field in the watershed; the impact of crop 
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rotation on nutrient losses; and each BMP included in each scenario. Consistent with Tomer 
et al. (2015), crop rotation values were varied as a proportion between 0.9 and 1.10 based on 
hypothesized nutrient application and leakiness of each cropping system. Cropping systems 
incorporating more crop rotation were given lower values while cropping systems with a 
greater frequency of corn followed by corn were given higher values, reflecting higher 
nutrient applications (Helmers et al. 2012). Cells in BMP columns were populated with (1-
E), where E represented the average nitrate removal efficiency of each BMP. Average nitrate 
removal efficiencies for nutrient removal wetlands, cover crops, and saturated buffers were 
50%, 30%, and 90%, respectively (Iowa Department of Agriculture and Land Stewardship, 
Iowa Department of Natural Resources, and Iowa State College of Agriculture and Life 
Sciences 2017). Absence of a BMP in or below a field was represented with a value of 1. To 
calculate the hypothesized nitrate reduction for alternative landscape scenarios at the 
watershed level: 
1. For each field (row), relative size of field was multiplied by the crop rotation value. 
These products were summed to represent the current nitrate loss at the watershed 
level. 
2. For each field (row), the product of relative size of field and crop rotation value was 
multiplied by the BMP column, where cells reflect the absence of a BMP (1) or 
presence of a BMP in or below the field (1-E) in the alternative landscape scenario. 
These products were summed to represent nitrate loss at the watershed level under an 
alternative landscape scenario, with the given BMP(s).  
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3. Nitrate losses under the alternative landscape scenario was divided by the sum of 
current nitrate loss at the watershed level to represent the fraction of nitrate load 
reduction under the alternative landscape scenario.  
Costs of installing and managing the BMPs were calculated using the framework 
presented in the Iowa Nutrient Reduction Strategy Decision Support Tool (Tyndall and 
Bowman 2016) and from Roley et al. (2016) and were updated to 2017 USD. For cover 
crops, direct cost was estimated at $158 ha-1 for cereal rye winter cover crop establishment 
and termination. Cover crops were assumed to have no effect on subsequent crop yields (e.g., 
Marcillo and Miguez 2017). Annualized costs for saturated buffers and wetlands were 
calculated using a 4% real discount rate and a 20-year management horizon. Forgone income 
associated with removing land from cultivation to implement saturated buffers and wetlands 
was calculated based on area-weighted opportunity costs using CSR by soil units in the 
gSSURGO soil database. Similarly to opportunity costs calculated for field prioritization, for 
each saturated buffer and for each wetland, we multiplied the CSR of each soil unit by the 
area occupied by that soil unit. We summed those values and divided the summation by the 
area to quantify the area-weighted CSR for each saturated buffer and for each wetland. We 
multiplied the rental rate per CSR point ($7.43) calculated for Boone County by the area-
weighted CSR for each saturated buffer and each wetland to quantify by-individual saturated 
buffer and by-individual wetland opportunity costs. Rental rates in cropland converted to 
saturated buffers varied from $232 ha-1 to $624 ha-1. The average rental rate for cropland 
converted to saturated buffers was $550 ha-1. Rental rates in cropland converted to wetlands 
varied from $475 ha-1 to $628 ha-1. The average rental rate for cropland converted to 
wetlands was $600 ha-1. For saturated buffers, annualized establishment and management 
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costs for the grassed riparian area (excluding per ha rental rates) were estimated at $21 ha-1, 
and saturated buffer control structures and infrastructure costs were estimated at $74 ha-1 
(Tyndall and Bowman 2016). For nutrient removal wetlands, annualized construction and 
management costs (excluding per ha rental rate) were estimated at $368 ha-1. To calculate 
total annualized costs for saturated buffers and wetlands, we summed by-individual saturated 
buffer and by-individual wetland, area-weighted rental rates and annualized establishment 
and management costs.  
Results 
The two HUC 12 watersheds comprising the Big Creek watershed are dominated by 
row crops and pastures. Together these agricultural land use comprise 95% of the Upper Big 
Creek watershed area, covering 19,256 ha. The remaining 5% of land use is predominately 
composed of residential areas and built infrastructure with some forest, particularly around 
waterbodies. In the east watershed, agricultural land use accounts for 13,141 ha of 13,734 ha 
(96%) and in the west watershed, agricultural lands use accounts for 6,115 ha of 6,483 ha 
(94%).  
Spatial Targeting for Nitrate and Opportunity Cost  
Using the dual drainage values in the gSSURGO soils attribute table, we classified 
each field into one of three nitrate leaching risk categories.  In Upper Big Creek overall, we 
identified 297 fields (40%) as high risk, 298 fields (40%) as medium risk, and 150 fields 
(20%) as low risk for nitrate loss. In the east watershed, we identified 480 fields as 
agricultural, and evaluated them for nitrate leaching risk. Of those fields, 191 (40%) fields 
were identified as high risk, 192 (40%) fields were identified as medium risk, and 96 (20%) 
fields were identified as having low risk for nitrate leaching. In the west watershed, 266 
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fields were identified as agricultural, and evaluated for nitrate leaching risk: 106 (40%) were 
at high risk, 106 (40%) were at medium risk, and 54 (20%) were at low risk for nitrate 
leaching. Areas of nitrate leaching risk were diffuse and were often not co-located with 
perennial stream reaches (Fig. 4.4). 
 
 
 
 
 
 
 
 
 
 
Figure 4.4. In-field nitrate leaching risk for Upper Big Creek watersheds, Iowa, USA. 
 
 By-field opportunity costs for all agricultural fields in the watersheds were classified 
into a high, medium, or low classification using a 40:40:20 split (Fig. 4.5). All opportunity 
costs are expressed in 2017 USD. In the Upper Big Creek watershed overall, including crops 
and pasture, opportunity costs ranged from $190-$681 ha-1, with a mean of $590 ha-1. The 
mean opportunity cost for cropped hectares was $595 ha-1 and the mean opportunity costs for 
pasture hectares was $501 ha-1. Overall, 297 fields (40%) had high opportunity costs, 298 
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(40%) fields had medium opportunity costs, and 150 (20%) fields had low opportunity costs. 
The mean of opportunity costs classified as high, medium, and low was $632 ha-1, $593 ha-1, 
and $502 ha-1, respectively. In the east watershed, of the 480 fields identified as agricultural, 
opportunity costs ranged from $190-$671 ha-1, with a mean of $581 ha-1. In the east 
watershed, 191 fields (40%) had high, 192 fields (40%) had medium opportunity costs, and 
96 fields (20%) had low opportunity costs. In the west watershed, of the 266 fields were 
identified as agricultural, opportunity costs ranged from $341-$681 ha-1, with a mean of $602 
ha-1. Of these, 106 fields (40%) had high opportunity costs, 106 fields (40%) had medium 
opportunity costs, and 54 fields (20%) had low opportunity costs.  
 
 
 
 
 
 
 
 
 
Figure 4.5. Opportunity costs for Upper Big Creek watersheds, Iowa, USA.  
 
By integrating nitrate leaching risk and opportunity cost into a combined matrix (Fig. 
3), we identified 30 fields (4%) as critical priority, denoted with a 1 in Figure 4.3, (high 
110 
nitrate leaching risk, low opportunity costs); 164 fields (22%) as high priority, denoted with a 
2 in Figure 4.3; 223 fields (30%) as moderate priority, denoted with a 3 in Figure 4.3; 303 
fields (41%) as low priority, denoted with a 4 in Figure 4.3; and 26 fields (3%) as marginal 
priority, denoted with a 5 in Figure 4.3 (low nitrate leaching risk, high opportunity costs, low 
biophysical risk) within the Upper Big Creek watershed (Fig. 4.6). In the east watershed, 16 
fields (3%) were identified as critical priority; 104 fields (22%) as high priority; 151 fields 
(31%) as moderate priority; 193 fields (40%) as low priority; and 16 fields (3%) as marginal 
priority. In the west watershed, 14 fields (5%) were identified as critical priority; 60 fields 
(23%) as high priority; 72 fields (27%) as moderate priority; 110 fields (41%) as low 
priority; and 10 fields (4%) were marginal priority. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.6. Fields prioritized for the application of nutrient reduction practices, based on nitrate leaching risk 
and opportunity costs, within Upper Big Creek watersheds, Iowa. 
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Evaluating Nitrate Reduction and Costs through Landscape Scenarios 
 We developed nine alternative landscape scenarios using cover crops, nutrient 
removal wetlands, and saturated buffers BMPs to understand options for reducing nitrate 
leaching. In this paper, we present the two scenarios that met the Iowa NRS nitrate reduction 
goal of 41% (Table 4.1). The remaining seven scenarios are provided in the Table A4.1 in the 
Appendix. Alternative landscape scenarios were visualized using ACPF outputs (Fig. 4.7A, 
4.7B, 4.7C, 4.7D). Spatial prioritization based on nitrate and opportunity costs aided in the 
selection of the best-performing wetland scenario, wherein nutrient removal wetlands were 
placed in headwater locations where nitrate leaching was expected to be high and opportunity 
costs were relatively low and wetland drainage areas corresponded heavily to critical and 
high priority fields (Fig. 4.4, Fig. 4.8). Cover crops and saturated buffers were located based 
on the targeted detailed in the methods section. The two scenarios that met the Iowa NRS 
goal for nitrate reduction combined cover crops, nutrient removal wetlands, and saturated 
buffers. 
Expected nitrate reduction varied among the two scenarios from 41-49% nitrate 
reduction and the extent of BMP coverage for both scenarios included BMPs on 685 (91.8% 
of agricultural fields in the watershed) and 690 fields (92.4% of agricultural fields in the 
watershed), respectively (Table 4.2). The amount of cultivated land removed varied between 
the two scenarios by less than 1%, from 347 ha (2% of total watershed area) to 406 ha (2% of 
total watershed area), respectively (Table 4.1). The annualized establishment and 
management costs of the two landscape scenarios that met the nonpoint source nitrogen 
reduction goal in Upper Big Creek watershed varied marginally in 2017 dollars, from $3.16 
million to $3.19 million (Table 4.3).   
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Table 4.1. Two alternative landscape scenarios created for the two HUC 12 watersheds in Upper Big Creek 
watersheds that met the Iowa NRS nitrate reduction goal of 41%. Note that the only difference between 
Scenario 1 and Scenario 2 is the addition of saturated buffers in Scenario 2. 
 
 
 
 
 
 
 
 
 
Scenario 1: Cover crops on all corn and soybean acres and headwater wetlands.  
Watershed  Area in cover crops (ha) Area in wetland (ha) Area in saturated buffers (ha) 
East 12, 616 ha  158 ha 0 ha 
West  5,698 ha 189 ha 0 ha 
Whole watershed  18,314 ha 347 ha  0 ha 
Scenario 2: Cover crops on all corn and soybean areas, headwater wetlands, and saturated 
buffers.  
Watershed  Area in cover crops (ha) Area in wetland (ha) Area in saturated buffers (ha) 
East  12, 616 ha  158 ha 31 ha 
West 5,698 ha 189 ha 28 ha 
Whole watershed   18,314 ha 347 ha  59 ha 
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Figure 4.7. a, Alternative landscape Scenario 1 from the Agricultural Conservation Planning Framework 
(ACPF; Tomer et al. 2013) for Upper Big Creek watersheds, Iowa that includes wetlands and cover crops. b, 
Detailed output from the same alternative landscape scenario. c, Alternative landscape Scenario 2 from the 
ACPF for Upper Big Creek watersheds, Iowa that includes saturated buffers, wetlands and cover crops. d, 
Detailed output from the same alternative landscape scenario. 
 
 
 
 
 
b 
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Figure 4.8. The wetland output from Agricultural Conservation Planning Framework showing wetland drainage 
area and wetlands/buffers for the Upper Big Creek watershed, Iowa. Scenario was developed using spatial 
prioritization of fields identified as critical and high priority (combined together, denoted with deep red color) 
based on nitrate leaching risk and opportunity costs. Selected wetlands were chosen for drainage coverage of 
critical and high priority areas (denoted with the yellow color, which when placed over fields, creates an orange 
color in the figure). These wetlands appear in both of the scenarios that meet the Iowa NRS nitrate reduction 
goal of 41%. 
 
 
 
 
 
115 
Table 4.2. Metrics associated with two alternative landscape scenarios created for the two HUC 12 watersheds 
in Upper Big Creek watershed, Iowa, USA that met the Iowa NRS nitrate reduction goal of 41%. Metrics 
included in this table are estimated nitrate reduction, cost, cost-effectiveness, number of fields with best 
management practices (BMPs), and the area removed from cultivation. Cost-effectiveness can be interpreted as 
cost per 1% of nitrate reduction, and was calculated by dividing the cost by nitrate reduction percent. All costs 
are reported in 2017 dollars. 
 
 
Table 4.3. Costs associated with each of the best management practices (BMPs) associated with two alternative 
landscape scenarios created for the two HUC 12 watersheds in Upper Big Creek watershed, Iowa, USA that met 
the Iowa NRS nitrate reduction goal of 41%. All costs presented are annual costs in 2017 dollars. 
 
 
Scenario 1: Cover crops on all corn and soybean acres and headwater wetlands.  
Watershed  Nitrate reduction (%) Cost ($) 
Cost-
effectiveness 
Number of fields 
with BMPs 
Area removed from 
cultivation (ha) 
East 41% $2,142,181 $52,248 447 fields  158 ha 
West  41% $1,014,283 $24,739 238 fields  189 ha 
Whole watershed  NA $3,156,464 NA 685 fields  347 ha  
Scenario 2: Cover crops on all corn and soybean areas, headwater wetlands, and saturated buffers.  
Watershed  Nitrate reduction (%) Cost ($) 
Cost-
effectiveness 
Number of fields 
with BMPs 
Area removed from 
cultivation (ha) 
East  47%  $2,161,603 $45,992 448 fields 189 ha 
West 49% $1,033,323 $21,088 242 fields  217 ha 
Whole watershed   NA $3,194,926 NA 690 fields 406 ha 
Scenario 1: Cover crops on all corn and soybean acres and headwater wetlands.  
Watershed  Cost cover crops Cost wetlands Cost saturated buffers  
East $1,993,328 $148,853 $0 
West  $900,284 $113,999 $0 
Whole watershed  $2,893,612 $262,852  $0 
TOTAL COST $3,156,464 per year  
Scenario 2: Cover crops on all corn and soybean areas, headwater wetlands, and saturated buffers.  
Watershed  Cost cover crops Cost wetlands Cost saturated buffers 
East  $1,993,328 $148,853 $19,422 
West $900,284 $113,999 $19,040 
Whole watershed   $2,893,612 $262,852  $38,462 
TOTAL COST $3,194,926 per year 
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Discussion 
Spatially targeted conservation approaches that integrate biophysical vulnerabilities 
and costs offer an informed and efficient means for adapting the current row-crop 
agricultural landscape in the US Cornbelt to meet nutrient reduction goals. Our research in 
the Upper Big Creek watershed of Iowa, which is dominated by corn and soybean 
production, demonstrates the utility and efficiency of the USDA ACPF Toolbox, a spatially-
targeted conservation approach, to meet the Iowa NRS reduction goal for nonpoint source 
nitrate pollution. Using soils data from gSSURGO and opportunity costs, we developed an 
innovative spatial targeting protocol that prioritizes fields based on nitrate leaching potential 
and opportunity costs. This represents a new application of the ACPF. We used the spatial 
targeting protocol to guide placement of wetlands and saturated buffers the Upper Big Creek 
watershed, and developed nine alternative landscape scenarios that integrated cover crops, 
wetlands, and saturated buffers (Table 4.1, Table 4.A1). Two of the nine scenarios exceeded 
the Iowa NRS goal for nonpoint source nitrate reduction of 41% and removed little land from 
cultivation (Table 4.1).   
Similar to our research findings, other studies indicate the importance of using a 
targeted conservation protocol to efficiently place BMPs to maximize nonpoint source 
nutrient reduction (e.g., Tomer and Locke 2011; White et al. 2014). Combining the free-to-
use ACPF toolbox combined with recently developed BMP cost data provides a 
comprehensive way to guide the strategic placement of BMPs to mitigate nitrate leaching to 
surface water while minimizing the costs associated with water quality protection. The 
methodology used in this research (1) incorporates publicly available data and tools to create 
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spatially targeted conservation scenarios, (2) evaluates the environmental and economic 
outcomes from those scenarios, and (3) communicates those scenarios using visual outputs. 
While our evaluation was confined to the Upper Big Creek watershed, the approach can be 
geographically expanded and has the potential to guide watershed-level conservation 
planning, reduction estimation, and cost evaluation throughout the whole US Cornbelt 
Mississippi River Basin and other watersheds in the US (e.g., Chesapeake River watershed). 
Tools and frameworks, such as the ACPF, that integrate biophysical data (e.g., elevation, 
soil, land cover) and social-economic data (e.g., opportunity costs) may have additional 
applicability in other agricultural watersheds that export high levels of nutrients to coastal 
hypoxic areas (e.g., Baltic Sea, Black Sea, Yangtze and Pearl River Estuaries, etc.). In 
agricultural landscapes that do not presently have artificial subsurface drainage (e.g., Brazil, 
Lower Mississippi Basin), this type of spatial targeting protocol could be amended to identify 
and target areas where soils are well-drained, infiltration is rapid, and residence time of 
water, and water-soluble nitrate, is low.  
The use of publicly-available data and tools, such as those used in this study, are 
well-suited for implementation of BMPs in agricultural landscapes because of their 
availability and adaptability for a variety of users across varying spatial extents and 
resolutions. In this case study, we evaluated the placement of three BMPs suitable for the US 
Cornbelt (i.e., cover crops, wetlands, and saturated buffers). The spatial targeting protocol 
could be adapted to identify appropriate locations for other BMPs that may be more suitable 
in other locations, with differing biophysical characteristics and social-economic 
opportunities (e.g., application of living mulches, continuous living cover) that would 
produce varying levels of water quality outcomes. Water quality benefits produced on-farm 
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(e.g., installation of BMPs to reduce nitrate leaching to surface water) are largely experienced 
off-farm (e.g., higher water quality for aquatic life, recreation, and drinking). Consequently, 
there are many and varied stakeholders and decision-makers in the US Cornbelt region that 
must cooperate, over potentially long-term time scales, to reach mutually acceptable 
agricultural and environmental outcomes, including on-farm producers of environmental 
benefits and off-farm consumers of environmental benefits. This may be particularly difficult 
when water quality improvements from BMPs may take years to decades to realize (e.g., 
Meals et al. 2010; Van Meter et al. 2016).  
On-farm, agricultural land management and conservation planning on private lands 
integrates multiple sources of information for decision making, including guidance from 
traditional government services (e.g., USDA NRCS), private industries (e.g., commodity 
groups), nonprofit organizations (e.g., The Nature Conservancy), and others (Prokopy et al. 
2014; Reimer et al. 2017). Publicly-available data and tools (i.e., ACPF), which can be 
individualized for specific land owners and/or watersheds, can serve as a cross-actor tool for 
consistent communication and planning when various and diverse actors are involved in on-
farm decision-making, which often has off-farm consequences. Moreover, alternative 
landscape patterns that are spatially explicit representations of alternative futures (e.g., maps, 
digital images), rather than just quantitative outcomes, allow landowners and stakeholders to 
visualize alternative futures and prioritize multi-objective outcomes, such as production of 
commodities and environmental benefits (Nassauer et al. 2002), and to make multiple 
inferences on the ecological, economic, and cultural function and value of differing 
landscape patterns (Hulse et al. 2000).  
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Given the extensive coverage of privately-held agricultural land in Iowa and the costs 
associated with the scenarios that met nutrient reduction goals, land management policies, 
such as spatially targeted conservation, will require wide landowner and stakeholder buy-in 
and extensive coordination between landowners, institutions (e.g., government agencies, 
private agribusiness firms, nonprofit organizations, etc.), and tax paying citizens to meet 
nutrient reduction goals. Farmland owners and farmers are generally amenable to a spatially-
targeted conservation approach (Arbuckle 2013; Kalcic et al. 2014; Kalcic et al. 2015, 
Zimmerman et al. 2018) and are particularly interested in innovative incentives (e.g., 
alternative markets) and institutional arrangements to achieve on-farm and off-farm 
environmental goals (Zimmerman et al. 2018). Citizens are also interested in a spatially-
targeted approach to producing environmental benefits from agricultural landscapes. In a 
survey conducted in 2011 and 2012, 64% of survey respondents indicated that they would 
support such an approach, and would be willing to pay an average of $33 per year to achieve 
enhanced environmental benefits (Arbuckle et al. 2015). Developing targeted conservation 
scenarios, such as those presented here, that spatially evaluate opportunities for, biophysical 
outcomes of, and the economic costs of change may be an important step forward in 
initiating conservation strategies to meet Iowa NRS goals and to realizing broader 
environmental benefits at local and regional scales.   
The cost of achieving the Iowa NRS goal for nitrate reduction is not going to be 
inexpensive and funds to support it are limited, underscoring the need for strategic, effective 
approaches. Kling (2013) and Hayes et al. (2016) estimate annual costs in Iowa for BMPs to 
range between $77 million and $1.4 billion. Over the past 20 years, Federal conservation 
funding from the Conservation Reserve Program (CRP), Conservation Stewardship Program 
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(CSP), Environmental Quality Incentives Program (EQIP), and Wildlife Habitat Incentives 
Program (WHIP) has spent $4.36 billion in the state of Iowa (EWG 2018). In 2014, Federal 
conservation funding from those same four Federal programs spent $285 million on water 
quality and biodiversity programming on agricultural lands in the state of Iowa 
(Environmental Working Group 2018). At the state level, Senate File 512 was signed in 2018 
by Governor Kim Reynolds, which commits more than $280 million – approximately $23.3 
million per year – to water quality initiatives over the next 12 years (Des Moines Register 
2018). This money will be invested in conservation infrastructure and programming on 
agricultural lands – similar to Federal programming initiatives. Based on historical Federal 
funding and new State funding, future annual conservation funding for Iowa might expected 
to be approximately $300-$325 million – this falls on the low end of the estimated annual 
investment required for Iowa to meet its nitrate reduction goal – despite expressed interest 
from key stakeholders.  
One key challenge associated with improving environmental benefits, such as water 
quality, is that these benefits are often non-market in nature and that those stakeholders 
producing the benefit are not those experiencing the benefit. Making progress to meet the 
Iowa NRS nitrate reduction or other water quality goals will likely require new approaches to 
signal that the production of non-market environmental benefits, such as enhanced water 
quality, are as important as commodity production and that non-market benefits are capable 
of providing immediate and comparable economic return. While current government 
programming does provide incentives, there are few market-based opportunities. Innovative 
incentive approaches that provide market-based approaches (e.g., water quality trading – 
Selman et al. 2009, payment for ecosystem services approaches – Wunder et al. 2008, 
121 
banking programs – Robertson 2006, etc.) have the potential to incentivize the production of 
these environmental benefits in the United States and globally (e.g., Greenhalgh and Selma 
2012; Grima et al. 2016). To efficiently identify areas of the landscape most appropriate for 
these efforts – that is areas with the greatest potential to reduce nutrient and sediment loss at 
the lowest opportunity costs – we posit that harnessing geospatial technology and economic 
tools like the one demonstrated here present a new way to foster engagement and 
participation from farmers, farmland owners, and citizens.  
Conclusion 
Nutrient reduction goals in agricultural landscapes can be met using a spatially 
coordinated conservation approach that accounts for ecological and economic outcomes, 
while involving the social and cultural needs of stakeholders. One such spatially coordinated 
conservation scenario removed less than 5% of cultivated area and reduced nitrate loss by an 
estimated 49%, exceeding the Iowa NRS goal for enhancing water quality. This framework is 
particularly well-suited for engaging, collaborating, and communicating with diverse 
stakeholders across varying spatial extents and resolutions, and is a timely tool for meeting 
the increasing agricultural and environmental demands placed on the US Cornbelt. 
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Appendix 
Table A4.1. Seven alternative landscape scenarios (A-G) created for the two HUC 12 watersheds in Upper Big 
Creek watersheds that did not meet the Iowa NRS nitrate reduction goal of 41%. 
 
 
 
 
Scenario A: Cover crops on all corn followed by corn hectares.  
Watershed  Area in cover crops  
Area in 
wetland  
Area in saturated 
buffers  
Nitrate 
Reduction 
East  444 ha 0 ha 0 ha 0% 
West 0 ha 0 ha 0 ha 0% 
Whole Upper Watershed  444 ha 0 ha 0 ha   
Scenario B: Cover crops on all corn followed by corn hectares and hectares with multiple 
corn years interrupted with single soybean years.  
Watershed  Area in cover crops  
Area in 
wetland  
Area in saturated 
buffers  
Nitrate 
Reduction 
East  4,137 ha  0 ha 0 ha 9% 
West 1,511 ha 0 ha 0 ha 7% 
Whole Upper Watershed  5,648 ha  0 ha 0 ha   
Scenario C: Cover crops on all corn and soybean hectares.  
Watershed  Area in cover crops  
Area in 
wetland  
Area in saturated 
buffers  
Nitrate 
Reduction 
East  12, 616 ha  0 ha 0 ha 28% 
West 5,698 ha 0 ha 0 ha 28% 
Whole Upper Watershed  18,305 ha 0 ha 0 ha   
Scenario D: Headwater wetlands selected.  
Watershed  Area in cover crops  
Area in 
wetland  
Area in saturated 
buffers  
Nitrate 
Reduction 
East  0 ha 158 ha 0 ha 13% 
West 0 ha 189 ha 0 ha 18% 
Whole Upper Watershed  0 ha 347 ha  0 ha   
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Table A4.1. (continued) 
 
 
 
 
 
Scenario E: Saturated buffers placed along stream reach in riparian areas with low 
runoff, a high water table, and greater than 4% organic matter.   
Watershed  Area in cover crops  
Area in 
wetland  
Area in saturated 
buffers  
Nitrate 
Reduction 
East  0 ha 0 ha 31 ha 7% 
West 0 ha 0 ha 28 ha 9% 
Whole Upper Watershed  0 ha 0 ha 59 ha   
Scenario F: Cover crops on all corn followed by corn hectares and hectares with 
multiple corn years interrupted with single soybean years and headwater wetlands 
selected.  
Watershed  Area in cover crops  
Area in 
wetland  
Area in saturated 
buffers  
Nitrate 
Reduction 
East  4,137 ha  158 ha 0 ha 25% 
West 1,511 ha 189 ha 0 ha 24% 
Whole Upper Watershed  5,648 ha  347 ha  0 ha   
Scenario G: Cover crops on all corn followed by corn hectares and hectares with 
multiple corn years interrupted with single soybean years, headwater wetlands selected, 
saturated buffers placed along stream reach in riparian areas with low runoff, a high 
water table, and greater than 4% organic matter.   
Watershed  Area in cover crops  
Area in 
wetland  
Area in saturated 
buffers  
Nitrate 
Reduction 
East  4,137 ha  158 ha 31 ha 33% 
West 1,511 ha 189 ha 28 ha 34% 
Whole Upper Watershed  5,648 ha  347 ha  59 ha   
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CHAPTER 5. AN INTERDISCIPLINARY FRAMEWORK FOR TARGETED 
CONSERVATION: A CASE STUDY IN THE US CORNBELT 
Paper prepared to submission to Journal of Soil and Water Conservation (Section A)  
Emily K Zimmerman, John C. Tyndall, Lisa A. Schulte 
Introduction and Background 
Agricultural landscapes in the US Cornbelt continue to contribute excess nonpoint 
source nutrient pollution that affects local and regional water quality (Alexander et al. 2008; 
Jones et al. 2018). For decades, agricultural conservation policies have been structured to 
guide voluntary adoption of best management practices (BMPs) to reduce nonpoint source 
pollution at field scales, while largely ignoring watershed scale considerations. While there 
are isolated cases of water quality improvements (e.g., USEPA 2017), local and regional 
water quality impacts persist – and, in some cases, are growing. For example, the 2017 Gulf 
of Mexico hypoxic zone was the largest recorded since annual monitoring began in 1985 
(LUMCOM 2017).  
In 2008, the Mississippi Gulf of Mexico Watershed Nutrient Task Force created the 
Gulf of Mexico Hypoxia Action Plan to advance technology and policy designed to reduce 
the amount of nutrients reaching the Gulf of Mexico by 45% (USEPA 2008). In response, US 
Cornbelt states developed state-level nutrient reduction strategies. Several of these strategies 
(e.g., Illinois, Iowa, Missouri) explicitly call for the application of targeted approaches to 
strategically place BMPs across scales (Iowa 2013; Missouri 2014; Illinois 2015). These 
strategies underscore the need for data-informed approaches to agricultural conservation.  
Research has demonstrated the importance of a targeted conservation approach to 
identifying and prioritizing watersheds and fields for remediation based on land use, nutrient 
load contributions and strategic placement of BMPs (Tomer et al. 2015; McLellan et al. 
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2018). Innovations in data, planning tools, and hydrologic models are extending this capacity 
into land use planning, involving a broad array of stakeholders. Improvements in and 
integration of geospatial data related to elevation, hydrology, soil, and land use now allow 
land managers to review nutrient transport pathways at increasing levels of resolution and 
scale. Using advanced, yet user-friendly landscape planning tools (e.g., Agricultural 
Conservation Planning Framework – ACPF; Right Practice Right Place – RPRP) in 
combination with sophisticated hydrologic models (e.g., Soil and Water Assessment Tool – 
SWAT), land managers and stakeholders are increasingly able to explore and test the 
application of low-cost best management strategies across meaningful scales. Recent studies 
are also demonstrating how to integrate economic (Naidoo et al. 2006) and social (Church & 
Prokopy 2017) criteria into targeted conservation approaches to successfully encourage 
adoption and continued use of BMPs to achieve nutrient reduction goals. 
Farmers, farmland owners, and the public are willing to provide support for 
environmental benefits associated with targeted conservation management. Studies have 
found that US Cornbelt farmers and farmland owners are generally amenable to the concept, 
use of necessary data/technology, and various on-the-ground approaches to targeted 
conservation (Arbuckle 2013; Kalcic et al. 2015; Zimmerman et al. 2018). An Iowa-wide 
representative survey found that 63% of Iowans supported a targeted conservation approach 
as a method to produce environmental benefits (e.g., enhanced water quality for recreation), 
and would be willing to pay an average of $33 per year to achieve these goals (Arbuckle et 
al. 2015).  
In this article, we outline an interdisciplinary framework for targeted conservation 
that integrates biophysical, economic, and social information to evaluate synergistic 
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opportunities to achieve watershed-based nonpoint source nutrient reduction. We present key 
methodological components of the approach, identify lessons learned, and suggest future 
opportunities for interdisciplinary targeted conservation approaches. While we focus our 
analysis on a watershed in central Iowa, the approach is applicable to other locations with 
supporting, publicly available geospatial data. 
Components of the Framework and Key Lessons Learned 
Watershed Selection  
Upper Big Creek watershed is composed of two, 12-digit hydrologic unit (HUC-12) 
watersheds (Fig. 5.1). Upper Big Creek watershed spans 19,425 ha across the Des Moines 
Lobe, which is a recently glaciated region of Iowa characterized by rich glacial till and 
relatively low-relief landscapes. Upper Big Creek watershed drains into a 306-ha lake, Big 
Creek Lake, which is surrounded by a 607-ha state park and an 830-ha wildlife management 
area. Today, over 85% of the 19,425-ha watershed is in agricultural production of row-crop 
corn and soybeans. Cattle production is common in pastures adjacent to perennial stream 
reaches.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.1. Map of Upper Big Creek watershed in central Iowa. The Big Creek watershed is composed of two 
12-digit hydrologic unit code (HUC 12) watersheds, and is primarily in agricultural land use.  
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Upper Big Creek watershed is listed on the USEPA 303(d) List of Impaired Waters 
for excessive levels of pathogen indicator bacteria Escherichia coli and cyanobacteria (Iowa 
Department of Natural Resources 2016). A water quality improvement plan, including a total 
maximum daily load, was prepared for the watershed in 2011 (Graham 2011). Presently, the 
Boone and Polk Soil and Water Conservation Districts, the Iowa Department of Agriculture 
and Land Stewardship, and the Iowa Department of Natural Resources are collaborating to 
provide program staff, resources, and funding to work with farmland owners to improve and 
protect water quality in Big Creek Lake.  
Watershed technical advisory committee members and stakeholders developed a 
watershed management action plan in 2011 that identified key remediation goals regarding 
water quality for the watershed. The lake and state park provide unique and valuable 
recreational amenities for residents of central Iowa. The state park receives 720,000 visits per 
year, which contributes over $40 million annually to the local economy (Otto et al. 2012).  
The Context and Application of a Spatially Targeted Conservation Approach  
The evaluation of targeted conservation scenarios that may be adopted and 
maintained across time should include multiple metrics to assess interactions among 
biophysical, economic, and social outcomes (Enloe et al. 2017). Farmers and farmland 
owners will be expected to undertake costly management actions that carry dynamic risk. 
Public and private entities tasked with providing technical guidance and allocating finite 
financial incentives need to be able to use resources efficiently and effectively. Beneficiaries 
of water quality improvements need to understand the nature of the remediation effort and 
total costs to better understand their roles and responsibilities relative to political outlets, 
expenditures, and other forms of support. Thus, providing stakeholders with the increased 
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information and certainty that they desire will help encourage the collective participation and 
continued engagement required in any conservation plan (Enloe et al. 2017; Zimmerman et 
al. 2018a). 
Following this advice, we assessed conservation scenarios created for the Upper Big 
Creek watershed that fulfilled Iowa nutrient reduction goals at the basin level on a series of 
metrics, including farmer interests and concerns, expected nutrient reduction at multiple 
scales, cost per unit of BMP application annualized installation and management costs, 
number of fields impacted and land removed from cultivation by BMPs, and overall cost-
effectiveness (Zimmerman et al. 2018; Zimmerman et al. 2018a).   
The majority of land in Upper Big Creek watershed is privately held, meaning that 
voluntary conservation approaches such as the one presented here must appeal to the needs of 
farmers and farmland owners to facilitate participation. As such, we conducted in-depth 
interviews with nine farmers who managed over 4,670-ha of land. On that land, we identified 
specific fields using a geospatial targeted methodology that located areas of likely high soil 
and nutrient loss to discuss factors that facilitate or constrain the application of targeted 
conservation in the watershed (Zimmerman et al. 2018a).  
Similar to other research (e.g., Arbuckle et al. 2013; Kalcic et al. 2015), interviewees 
were generally amenable to the use of a targeted conservation approach that utilized publicly 
available geospatial data, hydrologic models, and field-scale conservation management plans 
– but the individual and social details that would constrain participation in such an approach 
were significant. In some cases, farmers lacked the environmental context and guiding 
information that called for additional management and the certainty that management was 
needed or would be effective. There were also concerns about the lack of perceived on-farm 
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environmental benefits versus those experienced off-farm, such as improved downstream 
water quality. In addition, interviewees expressed concerns about pragmatic components 
related to management and cost of individual BMPs, likelihood of working with government 
institutions administering conservation programming, and the scale and nature of appropriate 
incentives for BMPs.  
Results from this research suggest key insights that may enhance farmer and farmland 
owner participation in a targeted conservation approach. First, interviewees responded 
positively to the technical tools and data used in a targeted conservation approach. Using 
these tools in cooperation with farmers and farmland owners to identify areas of concern, 
opportunities for BMPs, and on- and off-farm benefits could provide farmers and farmland 
owners with added context and information to understand land-use options. As with other 
recent studies (e.g., Roesch-McNally et al. 2017), our research indicates that these tools and 
discussions should explicitly address and emphasize on-farm benefits and/or cost-savings to 
align with farmers’ and farmland owners’ primary interests in their farm systems as opposed 
to aggregate, off-farm benefits.   
Using Models and Data to Locate Biophysical and Economic Opportunities for 
Spatially Targeted Conservation  
 
At the core of a targeted conservation approach are spatial technologies and 
procedures designed to strategically place BMPs on parts of the landscape identified within a 
watershed as being significant contributors to nutrient loads due to biophysical vulnerabilities 
(Berry et al. 2005). Innovative landscape planning tools such as the ACPF (Tomer et al. 
2013) have been designed to guide spatially targeted conservation. Nonetheless, these tools 
are not currently able to directly assess important enterprise-level financial and broader 
economic considerations that are important to farmers and farmland owners, taxpayers, and 
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institutions. More practically, on-farm benefits and economic metrics about income or cost-
savings are primary considerations of farmers and farmland owners when considering using 
BMPs in their farming systems (Roesch-McNally et al. 2017; Zimmerman et al. 2018a). 
Consequently, as a way to gain credibility, land managers should directly address the 
financial interests of farmers involved by providing financial context to demonstrate an 
understanding of the pragmatic aspects of conservation investments (Lee and Cho 2005). As 
such, planning tools should include partial budgets specific to BMPs, account for changes to 
cropping systems that have financial implications (e.g., changes in inputs), and estimate 
short- and long- term opportunity costs associated with BMP adoption, such as impact on 
crop yields, use of land, and time allocated (Tyndall and Roesch 2014; Plastina et al. 2018). 
Economic data should also allow total annual costs at watershed scales to be assessed in 
combination with biophysical effectiveness.  
 For the Upper Big Creek Watershed, we developed an innovative spatially targeted 
conservation protocol that demonstrates this technical and financial approach (Zimmerman et 
al. 2018). We used a planning matrix approach similar to Tomer et al. (2013) to integrate 
nitrate leaching risk based on drainage properties of soils, and integrated direct and 
opportunity costs (where applicable) of BMP application. To identify areas of the landscape 
at high risk for nitrate leaching, we used the soils data associated with gSSURGO data to 
quantify the proportion of each field classified as dual drainage (classification B/D). Fields 
were prioritized for treatment based on their individual risk for nitrate leaching based on the 
proportion of dual drainage in the field. To identify areas of the landscape with low 
opportunity costs that would be suitable for wetlands and buffer application, we calculated 
the area-weighted Corn Suitability Ratings (CSR) by soil units in the gSSURGO data. Up-to-
138 
date direct costs of BMP use were calculated using partial budgets specific BMPs in use 
(Roley et al. 2016; Tyndall and Bowman 2016). 
We applied this protocol with the ACPF to develop targeted conservation scenarios in 
Upper Big Creek watershed (Fig. 5.2). The ACPF is a GIS-based, landscape planning tool 
designed to identify parts of the landscape most suitable for BMPs designed to reduce 
sediment and nutrient loss (Tomer et al. 2013). We demonstrated the use of three BMPs 
promoted by the Iowa Nutrient Reduction Strategy for reduced nitrate- nitrogen transport that 
represent in-field (cover crops), edge-of-field (saturated buffers), and downstream positions 
(reconstructed wetlands).  
 
 
 
 
 
 
 
 
 
 
Figure 5.2. Two alternative conservation scenarios produced and evaluated for a targeted conservation 
approach using the Agricultural Conservation Planning Framework (ACPF). Scenario 1 (left) includes 18,314 
ha of cover crops on all corn and soybean land and 20 nutrient removal wetland complexes across 347 ha. 
Scenario 2 (right) includes the same area of cover crops and nutrient removal wetlands, and adds 59 ha of 
saturated buffers located in suitable riparian areas. Saturated buffers were located in riparian areas that has low 
runoff, high water tables, and greater than 4% organic matter. 
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Our results demonstrate that the tools and data utilized in this study can guide cost-
comparative placement of BMPs that results in large reductions in nitrate loss at the 
watershed level, while limiting the amount of land removed from production thus lowering 
long term costs significantly (Table 5.1). For the two scenarios demonstrated here, nitrate- 
nitrogen reduction from conservation scenarios varied from 41%-49%, indicating that both 
scenarios met the Iowa Nutrient Reduction Strategy goal for nitrate of 41%. Nitrate- nitrogen 
reduction was estimated using the ACPF spreadsheet tool. The ACPF spreadsheet tool 
estimates watershed-level nitrate reduction based on the assumption that stacked BMPs will 
have a multiplicative effect on aggregate nitrate reduction (Lazarus et al. 2014, Tomer et al. 
2015). This biophysical and financial information, which can be disaggregated and presented 
at individualized field scales can provide site-specific data that farmers and farmland owners 
need for informed decision making about conservation. 
Table 5.1. Metrics associated with two alternative land-use scenarios created for the two hydrologic unit code 
(HUC-12) watersheds in Upper Big Creek watershed, Iowa, USA. Cost-effectiveness was calculated by 
dividing the cost by nitrate reduction percent, and can be interpreted as cost per 1% of nitrate reduction. For 
further information, see Zimmerman et al. 2018.  
 
 
Scenario 1: Cover crops on all corn and soybean acres and headwater wetlands. 
Watershed  NO3 reduction,  ACPF Cost  
Cost-
effectiveness 
Fields with 
BMPs 
Removed from 
cultivation  
East HUC-12 41%  $2,139,340 $52,179 447 fields  158 ha 
West HUC-12 41%  $1,012,027 $24,684 238 fields  189 ha 
Combined  NA $3,151,367 NA 685 fields  347 ha  
Scenario 2: Cover crops on all corn and soybean areas, headwater wetlands, and 
saturated buffers.  
Watershed  NO3 reduction,  ACPF Cost  
Cost-
effectiveness 
Fields with 
BMPs 
Removed from 
cultivation  
East HUC-12 47%  $2,158,276 $45,921 448 fields 189 ha 
West HUC-12 49% $1,030,481 $21,030 242 fields  217 ha 
Combined  NA $3,188,757 NA 690 fields 406 ha 
140 
Opportunities for Development and Next Steps 
Our demonstration of targeted conservation tools and data reveal the extent of BMP 
application and overall potential cost in the Big Creek watershed alone, emphasizing the 
scale of effort required to fulfill the goals of the Iowa Nutrient Reduction Strategy. There is a 
need for an institutional structure that attracts farmers and farmland owners, and that 
provides increased and innovative incentives for participating in conservation programming. 
Currently, existing funding is expected to incentivize the majority of conservation effort 
suggested by state-level nutrient reduction strategies. Yet, conservation programs and 
agencies such as the USDA Natural Resources Conservation Service are not currently 
legislated nor necessarily equipped to allocate resources in coordinated targeted way at 
watershed scales (Secchi et al. 2008). Furthermore, farmer and farmland owner interviewees 
in Upper Big Creek watershed perceive present conservation programming as overly 
bureaucratic, inflexible, non-transparent and slow to respond to conservation concerns 
(Zimmerman et al. 2018a). Our research indicates that traditional government conservation 
programming may need to be supplemented with diverse partnerships to attract more farmers 
and farmland owners to participate in conservation programming over longer time horizons. 
Innovative partnerships that engage a wide variety of organizations (i.e., agribusiness, non-
governmental organizations, government agencies) to build social capital in the watershed 
may lead to greater transparency, more diverse management guidance, and improved on-site 
support and monitoring for BMPs. In a targeted conservation approach, these partnerships 
could be especially important to aid in outreach to farmers and farmland owners with fields 
prioritized in a targeted conservation approach. Other research has emphasized the value of 
diverse public-private partnerships in agricultural conservation programming (e.g., Enloe et 
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al. 2017a; Reimer et al. 2017); nonetheless, challenges remain in operationalizing these 
public-private partnerships to enhance environmental outcomes (Eanes et al. 2019).  
Our interviews with farmers and farmland owners revealed interests in new incentives 
beyond government payments that offset direct costs, recognize differences between on-farm 
and off-farm outcomes, and positively reward voluntary efforts that promote off-farm 
outcomes and collective action. Other research has described market-based opportunities for 
incentives that variously cover such interests, such as nutrient trading programs (Selman et 
al. 2009), payment for ecosystem service markets (Wunder et al. 2008), and mitigation 
banking programs (Robertson 2006). These alternative incentive structures may be 
particularly amenable to diverse public-private institutional structures desired by 
interviewees, and may align well with landscape planning tools used to site BMPs efficiently 
and aid in the measurement and tracking of marketed outcomes. Still, these approaches differ 
in their institutional arrangements, and have varying levels of government and private sector 
involvement, measures of conditionality, and may engender inefficiencies associated with 
strategic behavior (e.g., additionality, leakage, permanence).  
Environmental markets remain largely untested in the US Cornbelt region (Galik and 
Olander 2018). Future research would need to investigate market actors (e.g., farmers and 
farmland owners, taxpayers) willingness to pay and to accept to identify mutually agreeable 
market arrangements. Methods and tools for measuring, monitoring, modeling, and 
evaluating actual nutrient reduction over time and space have yet to be developed in cost-
efficient and easily applicable ways, and would be an important component of a market-
based approach to funding a targeted conservation approach. Ultimately, as state-level 
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nutrient reduction strategies transition to broad-scale implementation it is likely that new 
institutional structures and funding alternatives will need to emerge.  
Conclusion 
The results of our work show that integrating economic metrics into targeted 
protocols and landscape planning tools can be done using existing, publicly available data, 
and that such protocols can be used by water quality stakeholders in the US Cornbelt region 
to develop targeted conservation scenarios across meaningful scales. Our interdisciplinary 
framework for targeted conservation evaluates biophysical, economic, and social 
opportunities in combination, thus holistically providing information crucial to achieving 
watershed-based nonpoint source nutrient reduction and water quality goals. Farmers and 
farmland owners and taxpayers are amenable to a targeted conservation approach, and such 
an approach offers opportunities for improving both the biophysical and economic 
performance of agricultural landscapes in the US Cornbelt. 
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